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FOREWORD

The pollution conditions of the Baltic Sea have been much discussed
during the last years. The opinions of how badly polluted the Baltic
actually is, have, however, been somewhat different,.

Therefore the International Council for the Exploration of the Sea
decided in 1968 to establish a Working Group on Pollution of the Baltic,
intended to make a survey of the situation.

The survey is herewith submitted to the Council. It has been made in
close cooperation by Representatives from all countries around the Baltic.
I wish to convey my great appreciation for all the work which has been

performed by my Colleagues.

Bernt I. Dybern

Chairman of the Working Group
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INTRODUCTION

In 1967 the International Council for the Exploration of the Sea
established a Working Group within the Fisheries Improvement Ccmmittec "fox
the purpcse of assembling data regarding substances harmful or potentially
harmful to fisheries being discharged or likely to be discharged into the
North Sea and adjacent seas'". The Working Group presented its report to +he
1968 ICES Statutory Meeting in Copenhagen (paper E:5) In 1969 the report
was published by the Council as a Cooperative Research Rcport (Series Ay
No. 13). '

At the 1968 Statutory Meeting the following resolution was passed:

"in view of the need for basic factual information on pollution in all
areas, a Working Group be established in association between the
Fisheries Improverimt Cormittee and the Hydrography Committee to consider
the situation in the Baltic with terms of reference similar fo these

of the Working Group on the Pollution of the lNorth Seca, with a wview to
presenting a report at the 1969 Statutory Mecting" (C. Res. 1968/2:9).

The Working Group on Pollution of the Baltic thus established held its
first meeting in Copenhagen on 10-12 February 1969 when the following

representatives attended:

Mr. J. Boetius - Denmark
Prof. Dr. H. Mann Federal Republic of Germany
Dr., G. Weichart Federal Republic of Germany
Dr. A, Voipio ' Finland
Mr. J. Rybinski Poland
Mr. P, Jastrzebski Poland
Mr. B.I., Dybern Sweden
Dr. S.H. Fonselius Sweden

Through the organisation "The Baltic Oceanographers'" Mr, K.-H. Kohde,
German Democratic Republic, was invited to take part in the discussions.
He gave by correspondence some information from his country.

Information was given by the representatives concerning their respective
countries as to the following items:

Legislation controlling water pollution.

The hydrographic conditions of the Baltic.

Pollution by sewage.

Industrial pollution.

Pollution by pesticides etc.

Pollution by oil, oil-derivates and certain detergents,
Warm water pollution.

Other kinds of pollution, e.g. pollution from ships and from the air.
Radioactive pollution (only briefly).

Research work being carried out,

Summary of the present situation in the Baltic.



A second meeting of the Working Grodp was held in Helsinki on 3-5

June 1969, attended by the following representatives:

Mr. J. Boetius Denmark .
Prof. Dr. H. Mann Federal Republic of Germany
Dr, G. Weichart Federal Republic of Germany
Dr. P. Bagge Finland

Dr. A, Voipio ' Finland

Mr. K.~H. Rohde German Democratic Republic

Mr, B.lI. Dybern Sweden '

Dr. S.H. Fonselius Sweden

Dr. A, Aitsam U.S.S5.R.

At this meeting a draft report from the first meeting was discussed

and completed and the outlines for the final report were laid down.

THE SEA AREA CONCERNED

The Baltic sea area includes the Baltic proﬁer, stretching eastwards
from the sill of Darss, the Bights of Mecklenburg and Kiel, the Gulf of
Finland, the Bothnian Sea and the Bothnian Bay ( Fig. 1 )

Due to the importance of conditions in the Oresund, the Danish
Belt Sca and the Kattegat to the Baltic area, it was agreed to consider

alsoc these areas.

SUMMARY OF LEGISIATION CONTROLLING WATER POLLUTION

Denmark

Pollution of rivers, lakes and marine waters is governed by the Water-
course Act of 11 April 1949 and subsequent amendments to this Act in 1963,
and an ordinance of 1945 concerning measures for purifying watercourses.
Under this Act no material such as earth, sand, stones, etc. may be deposited
so near a watercourse that a risk of their being washed into it arises. '
This also applies to solids or liquids, such as pesticides; which nay
pollute the water. Scction 5 of the Act states that waste waters from
towns and factories must not be discharged into a watercourse, including
the sea, in such a way that "considerable pollution" arises. The decision as
what constitutes "considerable pollution" is left to the Water Courts.

The Water Courts are constituted on a local basis and there are about
one hundred of them. Each case of pollution is considered separately by the
Water Court concerned and the various interests involved are taken into

consideration. Experts nay be called if the court feels this to be necessary
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but the Water Court must in any event notify the Ministry of Fisheries of
the case. After considering all the facts the court can impose limits if
they feel this to be necessary: The‘decision of the Water Court is open to
appeal but in practice this course is rarely taken.

The costs of a poilution investigation ordered by a Water Court are
usually imposed on the industry or éoﬁmunity in question. The fishery
cxpert, however, is paid by the State (Ministry of Fisheries).

In general all sewoge and other waste waters should be treated prior
to discharge to the sea. In the case of fjords and other such waters the
Ilinistry of Agriculture, after consulting the Ministry of Fisheries and
the Ministry of the Interior, may prohibit the discharge of untreated or
insufficiently trcated wastes. Responsibility for the supervision of the
provigsions concerning effluent quality rests with the Police and Fishery
Control, whereas supervision of the watercourses is by the Ministry of
Agriculture. Failure to cqmply with the provisions of the Watercoursec Act,
or rulings by the Ministry of Agriculture or Water Courts is punishable by
fincs.

There is no control of dumping of wastes outside territorial waters,
but up to the present no such disposals of wastes are known to have occured.
There have been a few proposals and these are now being considered by the
Ministry of Fisheries which, however, can only advise. Dennark has ratified
the London 0il Pollution Gonvention.

Federal Republic of Germany

The Federal Republic of Germany passed a law in 1957 (Bundesgesetzblatt
1957, Part I, p. 1110) controlling the pollution of inland waterways. This
was modified on 15 August 1967 (Bundesgesetzblatt 1967, Part I p._909) s0
as to bring coastal watcrs under the samc legislation. The secction relating
to pollution of coastal waters became operative on 1 Janucry 1968, Under the
new law it is only possible to discharge solids or liquids into coastal watcrs
with the permission of the authorities., If there is any likelihcocod of dange-
rous effccts the authorities can withhold their permission or impose certain
conditions. The authorities have the additional right to withdraw or modify
their consent if damage becomes apparent at a later date., It is forbidden
to store dangerous materials near waterways in such a way that the waters
nay becone contaminated. Failure to conply with these regulations neans
that the person or persons responsible for the pollution may be liable to
heavy penalties. There are rules and regulations to the Federal Water Law
(Bundcsgesetzblatt 1957) which apply in the various States of the Federal
Republic (Wassergesctze dor‘Lﬁnder).»

The rules relating to pollution of coastal waters only apply to terri-

torial waters. Disposal of waste - except 0il - beyond this zone is not
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controlled by law but in practice dnybody Wishing to dunp waste in the
open séa,asks the Mihistry of Transport for bermissidhihThe Ministry of
Transéortrby'thcn.consult the German Hydrographic Inéfitute (Deutsches
Hydrographisches Institut, Homburg (D.H.I.)), the Fedefal Research Board
for Hydrology (Bundesanstalt fir Gewidsserkunde, Kobienz), the Federal
Rescarch Board for Fisheries (Bundesforschungsanstalt Tiir Fischerei, Han-
burg) and the Biological Station Helgolana (Biologische Anstalt Helgoland,
Homburg). Each proposal is considered according to a standard set of cri-
teria; c.g. is it possible to treat the material on land and where is a
suitable arca for disposal at sea? If the nmaterisl is to be disposed of at
sea then it is given a danger classification and must be disposed of
accordingly (Weichart 1968).

Coastal Pollution investigations are mainiy carried out and paid for
by Federal or State authorities or institutes. .
The Federal Repubiic has ratified the London 0il Pollution Convention.

Finland

The present Water Law, which came into force on April 1st, 1962, and
which replaced the previous,; 60-year-old 1egislation on the subject; is
very extensive with more than 500 paragraphs. Three separa%c Decrees have
been given by virtue of this law.

The Water Iaw controls the utilization of river and lake systens and the
territorial waters, for various purposes, such as drawing of water,
building of hydroclecctric plants, regulations of basins, etc. 1t also
contains vrovisions concerning implencntetion of this control; and pro-
cedurc in water disputcs. The Water Law includes a general prohibition
against pollution of these basins, which applies to industry as well as to
anybody clsc who discharges polluting waste water into a water course or a
sea area. According to this provision,; nobody is allowed, without permission
from a Water Court, to take any measures which nay causc pollution of a
sca area. The following measures arc not permissible: discharging of dirt,
waste, liquid, gas, bark of timber or other similar substances into a
water basin in such a way that causes, either immediately or in the course
of prdlonged practice, detrimental decrecase of depth of water, harmful
change in quality of the water, obvious damage to the fish population,
considerable diminution in anenities of the surroundings, health risk,
or sone other conparable violation of a private or public intercst.

Anyone who wants to get permission for a nmeasure which is forbidden
by the general prohibition against pollution of water shall apply to the
Water Court. To the application shall be appended necessary plans and
expositions, as provided for in Decrce,

The Decree concerning preliminary neasurcs relating to water pollution
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control prescribes that notice shall be given to the Water Authorities, in
good tine and in any event not later than three months before starting the
discharge of wastes. The notice shall be accompanied by a plan for discharge
and treatnent of the waste water, together with such explanatory remarks as
may be necessary.

The above-mentioned notice is further passed to the Bureau for WVater
Conservation, which has to examine it together with the attached plan. In
case the Bureau considers that the dischafge of effluents will cause
water pollution, it shall ask the notifying party to alter the plan where
neccessary ory, as for as such discharge of waste woter is concerned for
which permission nay be granted, to apply for appropriate permission for
the measure in the order prescribed by law.

The genecral condition for granting permission to undertake a measure
causing pollution is, that the activity nust not endanger public health or
cause considerable and widespread aetrimental changes in the environment
or greatly impair the housing or trade conditions of the region.

Otherwise, the granting of permission implies that the detriment caused
by the neasure can be considered compafatively ninor as viewed against the
benefit derived from it and that disposal of waste water or of any other
substance which pollutes the sea area is not possible by any other means
at reasonacble cost. Any damage, detriment or other loss of benefit caused
by the necasure shall be indemnified.

Special rules are.given for protection of natural waters against
radioactive pollution.

Finland has ratificd the London 0il Pollution Convenfion. According to
a law of 5 March 1965 thc open sea nust not be damaged by wastes from the

Tinnish territory or from Finnish ships.

Gernan Denocratic Republic

According to article 15 of the Constitution of the G.D.R. (6 April
1968) the appropriate State authorities (and with that the individual
citizcns) have to guarantec the purity of air and natural waters.

The Water Law of 1963 (Gesetzblatt der DDR I, Nr 5, 1963) states that
conveying and treatment of waste waters is a main water management task,
in order to protect the natural water resources. Coastal waters are brought
under the sane rule according to the first regulation to the Water ILaw
(GBL. II, Nr 43, 1963).

The supreme authority for water control igs the State Office of Water
Mangement, subordinated to the Government. This Office, local Water Manage-
nent Boards and Waterway Authorities control all kinds of utilization of
the waters. The Water Law prescribes that at all new constructions pre-

cautions must be made in such a way that water pollution is avoided, and
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the State Office of Water Management has stipulated the highest permitted
concentrations of different substances. If the quantity or general
character of the natural water nust be changed, this is only allowed after
special pernission. Breach of the rules is punished.

According to legislative rules of 19 February 1969 (GBL. III, Nr 3,
1969) the appropriate authorities are responsible for the riskless usc of
2ll natural resources., Measures to keep waters and the air clean or to
purify then shall systematically be taken. These rules strengthon the
intentions of the Water Law,

Other legislative rules regulate the use of waters from the hygienic
point of wview, the controlling power ultimately being exercised by the
Ministry of Health.

‘The State Office of Radiation Protcction controls the radioactive
contanination of air, rain and surface waters according to special rules
of 10 Junc 1964 (GBL. II, Nr 76, 1964).

0il pollution is controlled by the Water Management Boards. Persons
responsible for oil pollution accidents are punished. The G.D.R. has not
signed the London Oil Pollution Convention, but according to instructions
of the State Board of Novigation, in 1962, it is prohibited to discharge
0il into the sea, in accordance with thec rules of the Convention (GBL. I1,
Nr 21, 1969).

All rules are applicable also to the coastal waters inside the terri-

torial bordcr. There is no legislation as to international waters.

Poland

Water naonagement is considered an integral part of the country’s
cconony and the subject of central planning.

The current Water ILaw -is from 1962 and conteins rules for all kinds
of utilization of the natural water resources. It also gives rules for
water pollution control, A Governmental decree of 1962 gives detailed
regulations concerning the desired quality of the natural waters, for
instance, after waste water discharges. Breach of the provisions is
punished,

The rules of the Water Iaw are also in force concerning the coastal
waters inside the territorial border. Sonc special provisions against
pollution arc included in the regulations of the bigger ports.

To provide an efficient water pollution control a Central Vater
Resources Adninistration was founded in 1960. It surveys all water mencge-
nent. A special departmnent is the State Inspection for Water Pollution
Control; closely coopcrating with Water Resources Departnents linked to
the National Councils of nost provinces. In imnportant arcas such Depart-

nents are also cstablished at the district level. All Departments cooperate



with laboratories for water and waste water analyses.

As o whole, the water pollution control has hitherto been realized
nainly concerning inland waters but is now beconing extended to the
coastal waters. This is especiclly true of the hygienic control of the
water quality.

Poland has ratified the London 0il Pcollution Convention.

Sweden

A new law of Protection against activities which may damage the
natural or human environment came into force on 1 July 1969. This law
inplies, anong other things, general legislation concerning most kinds
of discharges into the air and natural waters and several other activities
which may bring about negative changes to these media. The law is appli-
cable to both cxisting and future cstablishments,

As to the inland and coastal waters the law states that wastes nust

. not be discharged in such a way that "considerable inconvenience is caused".
This ncans for nost communitics and industries at least some form of waste
water trecatnent and in many cases the ercction of big and expensive treat-
nent plants.

The observance of the law is exercised mainly by the National Nature
Conservancy Officec i collaboration with other Siate authorities and
the County Governnent Boards. The Office also works out standard values
for pernitted concentrations of different wastce substances.

All more inportant water pollution questions are submitted to a State
Concesgsion Office which decides the quantities and concentrations of
wastes, the discharge of which may be permitted in the sense of the law.
Questions of minor inmportance are treated by the National Nature Conser-

. vancy Office or by regional Nature Conservancy Councils of the County
Governnent Boards. In all relevant cases water pollution and air pollution
arc considered together.

Breach of the rules of the law will be punished,

Sweden has ratificd the Liondon 0il Pollution Conventione.

U.S5.S5.R.

The first legislative act concerning water pollution protection was
passcd by the Pecople’s Commissariat of Health in 1923, since when it has
been conplemented and changed many times. .

The water pollution laws in force nowadays are based on the IEnacinent
of the Council of Ministers of the U.S.S.R. of 22 April 1960 (No. 425:
Mbout the control of the use of and the protection of the water rcsources
of the U.S.S.R."). According to this Enactucent the water pollution control

is cxercised by the Boards of Water Resources Exploitation and Protection
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of the Ministries of ILand Inprovemémtand Water Econony of the differcnt
Republics, together with official sanitary, shipping, fishery, nunicipal
and agriculturc inspeétion authoritics,

To use natural waters and discharge wastes into them it is necessary
to obtain permission from the Board of Water Resources Exploitation
and Protection - and also fron fishery and public health inspection
authorities. Such pernission includes stipulations of what is required
as to waste treatment. Thus, for instance, a new factory nust not begin
opcration without a waste water treatment plant. In case the requircments
should not be observed by the water user the Board can, if necessary,
withdraw pernission.

The Enactuoent No. 425 also states that standard values for water
quality shall be worked out by the Ministry of Public Health. At prescent
the Ministry has passed two laws concerning water pollution: one for
inland waters (Regulation No. 372-61) and the other for coastal waters
(chulation No. 483-64). Both laws regulate the water quality characte-
ristics in relation to the use of the water and give the highest pernmitted
linits for nore than 100 toxic substances.

Water pollution investigations are mainly ordercd and paid by the
State but local pollution investigations night be ordered and paid by
comnunitics or industries,

The U.S.8.R. kas not signed the London 0il Pollution Convention,
but according to the above-nentioned Regulation No, 483-64 it is prohibited
to discharge 0il into the sca ncarer than 50 niles from the coast.

A new, nore extensive, water law, referring to both inland and coastal

waters will be passed in the necar future.

Gencral

All countries have laws against water pollution, the controlling power
being exercised by special national or regional authorities. The degree of
control varies from country to country but, as a rule, the genecral trend
is to protect the waters from being too seriously damaged according to the
purpcses for which they arc used.

The laws refer also to coastal territorial waters, the U.S,S5.R.
having special regulations protecting thesc, but at present the controlling
power is generally considerably weaker than for the inland waters. In
nost casecs there is no or only prinary treatniecnt of sewage and industrial
wastes discharged into the sca. However, in all countries there is a
trend to strengthen the control of coastal pollution.

According to the new Swedish law water pollution nust in the future

bc considered together with any other kind of pollution, e.g. air pollution.



1
Similar regulations have a2lso been discussed in some other countries.

Dunping of wastes fron ships, except dumping of nmud from harbours and
treatnent plants, etc., is not allowed or ot least not reccmmended within
the territorial borders of any of the countrics.

Discharge of wastes harmful to the open sea is prohibited fron Finnish
territory or Finnish ships in accordance with the 1958 Geneva Convention
(approved by the U,ll. Conference of the Law of the Sea). This Convention
will probably be ratified by Denmark and the Federﬁl Republic of Gernany
in the near future. In the last-mentioned country discharges outside the
territorial border are the subject of voluntary ccntrol.

All countries but two, the German Democratic Republic and the U.3.3.RH.
have ratified the London 0il Pollution Convention. The U.S.3.R., however,
has sone special rules.for avoiding oil pollution within 50 niles of
the coast, and the G.D.R., in practice, uses rules sinilar to thosec of

the Convention.

ON THE HYDROGRAPHIC CONDITIONS OF THE BALTIC

The following account is based nainly on works by Hela (1960), Voipio
(1968) and Fonsclius (1969).

The Baltic Sea (Fig. 1 ) is secparated fron the North Sea, or nore
exactly fron the Kattegat area, by very shallow sills. The maxinum sill
depth is 17-18 n and the cross sections of the inlets are:s the Scund
80 000 m2, the Great Belt 225 000 m2 and the Little Belt 16 000 m2. There-
fore the fjord character of the Baltic Sca is very pronounced. Because of
the positive water balance the vertical circulation has an estuarine
character as well.

The anount of fresh water annually flowing into the Baltic, i.c., the

runoff and precipitation, largely exceeds the annual amount of evaporated

water
Runoff Precipi- Inflow Evapo- Outflow
3 * tation + 3= ration 3
470 I 200 Im 430 Im 180 X 2 920 Im

Owing to this excess of fresh water the outflow is about twice the
antount of the inflowing nore saline water. HoweVor, the tide is here
extrenely weak as a result of the conplicated sound systen that separates
the Baltic from the North Sea. The Kattegat arca is nainly very shallgw with

a nean depth of about 25 m. The volume of the Kattegat is some 580 k™, The



12
volunes of the different basins in the Baltic Sea are given in Taoble I
(after text). Keeping in nind that the total volume of the Baltic is
about 20 000 kmB, we arrive at a "residence tine" of about 21 years for
the Baltic water. '

In Pigs. 2-4 are shown botton prcfiles and tenperature, salinity
and oxygen conditions in the Baltic proper, the Bothnian Sea and the
Bothnian Gulf. The values were obtained during cruises with the PFinnish
rcesecarch ship "Aranda" in July 1959 and June-July 1960, and they show
rother typical sumnmer conditions.

The coast line of the Baltic is extrenely varying. In the southern
parts of the Baltic it is often very simple while there are, cspecially in
the northern parts of the Baltic proper, several widespread archipelagos.
In the sca areas between the islands and in the semicenclosed embaynents,
often with shallow sills, the cexchange of water with the open sea nay be
rclatively snall.

In the Baltic proper the less saline water layer extends fron the
surface to the depth of about 50-70 netres. At this depth there is a sharp
salinity discontinuity layer, which exists the whole year round and is
called the permanent halocline. This halocline is an inpedinent to the
cxchange between the deep water and the surface water. Therec occurs,
hewever; a slow nixing through the halocline giﬁing the surface water a
certain salinity.

The general circulation of the Baltic surface water is counter clock
wisce but the actual currents are nainly governed by wind conditions.

During recent decades the oxygen content of the Baltic deep water
has decrecased. Fig,., 5 shows this decrease of dissolved oxygen for a
characteristic station (F 74) in the northern part of the Baltic proper.
Pig., 6 shows the nean valucs for dissolved oxygen below the halocline at
station I' 78. This station is the Landsort Deep, the deepest spot in the
Baltic (459 m), which is scparatced from the ndrthern central basin by a
138 n deep sill., The lastest neasurcnents, in November 1968 and January
1969 show that H2

ort Decp. If this developunent continues in the Baltic deep water, the

S has now - for the first time - appeared in the Lands-

wholec water nmass below the halocline will probably turn into a lifeless
"ocecanic desert" such as is found in the Black Sea.

The Gulf of Pinland .is not separated fron the central basin by any
sills, and it nmay be regarded as a part of it. A decrease of oxygen has

been rccorded there too.
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There are no deep stations west of Gotland with a long record of oxygen
neasurcnents, but at present the conditions are just as bad there as north
of Gotland and there is no reason to believe that the developnrent has been
different in that area. HZS has been found there on several occasions.

The Gulf of Bothnia is separated fron the Baltic proper by a sill with
a 5ill-depth of approxinmately 45 n, but therc are indications of the
existence of a narrow 70 n passage to the Aland Sea. Because the halocline
in the Baltic proper is located at around 60 nn depth, there nay be a soall
supply of Baltic decp water to the Aland basin. The oxygen supply has
dccreased slightly in the decp water of the Aland Sea.

The Bothnian Sea has always been regorded as a sea with a very good
yearly acration due to convection during the winter. Fig. 7
shows the oxygen values at station F 24 in the Bothnian Sea. The values
arc from 175-200 nn depth, plotted in sane nanner as in the previous figures.
Also here we get a decrcase of the oxygen values in the deep water from
1900 to 1961. P 24 is located near Ulvon at the Swedish coast. It is known
o be the decepest spot of the Bothnian Sea. The aeration of the deep water
docs not seen to be as goocd herc at present as it was in the beginning of
the century. Another possibility may be that the consunption of oxygen in
the decp water has increased during. this tine due to industrial wastes.

No such cffect can be detected in the Bothnian Bay north of the Quark
owing‘to the good convection every winter.

It is a well éstablished fact that the salinity of the Baltic water
has increased since the beginning of the 20th century. This increasc has
occurrcd both in the surface water and in the decep water. 1t nay best be
followed in the deep water where the annual variations of the river water
discharge will not causc dircct and rapid fluctuations of the salinity.
Fig. 8 shows the salinity fluctuations in the Gotland basin at station
P 81 fron the beginning of the century until 1968, From the figure we can
sece a decreasc in salinify dufing the 1930°s. This decrease occurrcd both
in the surfacc water and the deep water. Dﬁring 1938-3%9 there began an in-
flow of noresaline water inrthe botton layers. This process has probably
continucd, though fluctuating, until thec present tine.

The isohaline for 8 w is often considered to be the upper linit for the
halocline. From Fig. 8 it can be scen that the increased salinity of the
deep water has forced the halocline to rise. This salinity increasc,
observed in all parts of the Baltic, will cause an increased stability of
the haloclinc. The result of this incrceased stability will be that the

cxchange of oxygen through the halocline will decrease in all parts of the
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Baltic and that the winter convection in the Gulf of Bothnia will not as
casily as before reach the deecpest parts of the basin.

The nutrient content of Baltic surface waters is rather low when con-
pared to the concentrations found,; e.g., in the waters of the North Sea
The phosphate-phosphorus concentration of the Baltic surface waters usually
varies from about 0.1 to 0.5 mg-at/l. Analyses of inorganic phosphorus
were carriced out in the Baltic already during the 1930°s, Unfortunately very
few values have been published. Fig. 9 shows the nean values for phosphate
fron 100, 200, 300 and 400 n depths in the Landsort Deep from 1954 to 1967.
One value fronm 1938 is included. As can be sceen *l.e phosphate has increascd
continuously during this tinme fron about 1 mg-at/L to nearly 3 ug-at/1l.
This neans that the phosphatc concentrdtion is now three tines higher than
it was 15 yecars ago. Other stations show the same trend. Present estinates
give obout 300 000 - 400 000 tons of P in the decp water of the Baltic
proper.

A rough estination of the amount of oxygen at present dissolved in the
decp water of the Baltic proper, can be nade. The volume of the central
basin below the halocline is scme 3500 kmB. If we assune that the water
there, on an average, contains 0.5 nl oxygcn/l, we will get a total of
2.5 x 106 tons. We can assunc that nornally during longer periods the
oxygen which has been brought into the decep water, has generally balanced
the oxygen consunption there. Otherwisc, the deep water of the Baltic would
have lost its oxygen long ago. The recason for the now observed decrease
of the oxygen concentration in the water nay be (1) a decrease of the oxygen
supply with the inflowing water through the Belis, (2) an increasc Qf the
stability of the permanent halocline, (3) an increasc of the prinmary
production in the surface laycrs intensified by incrcased "fertilisation"
which incrcase the anount of dead organic natter in the deep water, (4) a
dircct supply of organic natter brought into the deep water from disposal
of sewage and wastes fron comnunities and industries.

It is not easy to predict how the conditions in the Baltic will develop
in the future. We do not know enough about the fundanental processes
regulating the oxygen supply to the deep water and the effects of waste

disposal into the Baltic.



15

SEWAGE POLLUTION

Tor cach country estimations have been nade of the organic load of
dircctly and indirectly (by rivers etc.) discharged sewage, expresscd
as BOD5 and phosphorus content.

BOD5 figures, as a rule, give only part of the real organic load
carried by waste waters and the value of BOD5 estinations have nany tines
been discusscd in the literature., Nevertheless they are considered to
give a hint of the pollution load of a recipient.

The BOD5 figures have been calculated from the basic assunption that
the organic load of discharged scwage is equivalent to about 25 kg 02/
person and year. The phosphorus content has becn calculated from the
assunption that the discharge is equivalent to 1kg/person and year. The
phosphorus figures nay also include sone industrial phosphorus, which is,
however, only a snall part of the total sun.

The calculated BOD5 and phosphorus figures have in many cases been
"corrected" in relation to the degree of sewage treatment or other local
circunstances known to be inportant for the estimations.,

It is stressed that the figures are approximations. This is especially
true of those which refer to indircct discharge. The basis of calculations
has also varied sonewhat anong the Menmbers of the Group. After having
discusscd the difficulties in cxpressing pollution conditions in more exact

ways, the Members, however, dccided to put the figures into the report.

Dennark
Mill. inhabitants 130]35 tons/year P tons/year
Arcas

Direct | Indirect Dircct | Indirect Direct Indirect
Baltic proper 0.060}{ 0,020 1 500 . 500 ' 60 20
Belt Sca 0.800 1.300 30 000 {113 000 800 1 300
Oresund 1,400 0,200 35 000 2 000 1 400 200
Kattegat 0.100 0.200 4 000 2 000 100 200

Treatnent plants for prinary’ or biological treatnent are, as a rule,

situated inside the coastal areas. The figures for indirect BOD. are

5
rather low due to treatnent and supposed biological self-purification in
the slowly floating rivers.

Copenhagen and sone other towns lead out sewage through short pipe-

lines.
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The Oresund, the northern part of the Little Belt, nost fjords and
sone other areas arec nore or less influenced by sewage pollution.
There is a slow inprovenent of the sewage pollution situation in Danish

waters by construction of new treatment plants.

Fedecral Republic of Germany

1Mill. inhabitants BOD5 tons/yeor P tons/year
Area
Direct | Indirect Direct | Indirect Direct| Indirecct
Belt Seao 0.350 0.900 9 000 0 400 1 100

The directly discharged sewage is generally not or only prinarily
trecated. Most of the untreated sewage is discharged through a pipe-line at
Blilk, near Kiel. The indirectly discharged sewage undergoes, as a rule,
different degrees of treatnent. To keep the coastal waters as clean as
poseible with regard to tourisnm the indircet discharges are made into inland
waters, where they arc depleted of oxygen-demanding substances before they
enter the sca.

The narrow inlets to Flensburg, Schleswig and Liibeck and o snall arca
outside Biilk arc somewhat influenced by sewage pollution. Increased treat-

nent of directly discharged scwage is expected to inprove the conditions.

Finland
Mill. inhabitants BOD5 tons/year P tons/ycar
Areas

Dircct | Indirect Dircct | Indirect Direct | Indircct
Bothnian Bay] 0.140 | 0,100 3 500 | 3 000 160 120
Bothnian Seal 0,310 0.350 T 750 9 000 400 400
Gulf of Pin-] 0.578 0.550 14 450 | 13 000 750 720

land

The BOD5 of sewage water is snall conpared with that of the indus-
trial discharges. Most of the sewage is untrcated or undergoes only
prinary trectment.

Disturbances in the marine environment due to sewage pollution are

generally considered to be of nminor inportance, except outside the biggest
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citices and towns. In the archipelago off Helsinki, where an extensive
investigation is being nade, a considerable influence of sewage water
on the flora and fauna has been denonstrated.

No pipe-lines are as yet carrying out sewage into the sea but prospce-
ting is being nade for the discharge of sewnge from Helsinki through one

(after biological treatment).

Gernan Denocratic Republic

Mill. inhabitants BOD. tons/year P tons/year
A 5
Areas
Direct | Indirect Direct | Indirect Direet | Indirect
Baltic proper 0.070 0:410 1 700 8 000 70 400
Belt Sea 0.045 0.400 1 100 8 000 40 410

About half the sewage is untreated and the rest prinary trecated. The
summer tourisn is very conprehensive and influences the coastal waters to
sone degree,

The water renewal outside the G.D.R. is good but some local arcas are
to a certain degree influnced by sewage pollution, viz., outside Rostock,
Stralsund and Wisnar.

There are no pipe-lines leading out sewage into the sea.

Poland

BOD; tons/ycar

Mill., inhabitants

Indirect

P tons/ycar

Direct

Areas

Direct Indirect Dircct { Indircet

0.400 6 200 | 3 600 750 400

Baltic proper 0,750

Most sewage is untreated. The water exchange along the open Polish
coast is good and sewage pollution is considered to be restricted. Some
local influence is known from the areas of Szcezecin and Gdynia -~ Gdansk.

No pipe-lines exist. Because of the inportoance of the coastal area for

tourisn it is intended to build nore treatment plants.
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Sweden
Mill. inhabitants BOD; tons/year P tons/ycar
Arecas

Dircct { Indirect Direcct { Indirect Direct 4 Indircct
Bothnian Bay 0.090 | 0.067 2 100 | 1 500 130 100
Bothnian Sea 0,255 0.145 5 900 3 200 380 200
Baltic proper 1125 0.700 18 500 4 500 1 700 1 000
Oresund 0.370 0,110 5 600 600 560 150
Kattegat 0.525 0,160 12 000 3 00u 790 200

As a whole,the BOD5

The phophorus values are high, nainly due to the extensive use of synthetic

sunl is nuch snaller than for industrial discharges.

washing powders.

The following table shows the nunmber of inhabitants giving rise to
sewage dircctly or indirectly discharged into the sea, and the percentage
of the inhabitants connected to primary treatnent plants or plants with
both primary and biological treatment. The calculations are nade fron the

"Statistics of nunicipal water and treatnent plants" for 1966.

A Dircet discharge - Indircect discharge

rea. A B G A B c
Bothnian Bay 90 000 20 % - 67 000 15 % 2 %
Bothnian Sea 255 000 15 % 2% | 145 000 30 % 3%
Baltic proper |1 125 000 70 % 20 % 700 000 85 % 80 %
Oresund 370 000 50 % 45 % 1| 110 000 95 % 90 %
Kattegat 525 000 25 9 20 % 160 000 45 % 20 %
Skageralk 81 000 70 % 45 % 24 000 50 % 10 %
Total 2 446 000 50 % 20 % |1 206 000 70 % 60 %

A = nunber of inhabitants

B = approxinate percentage of inhabitants connected to prinary

treatment plants
C = approxinate percentage of inhabitants connecied to primary +

bloclogical treatnent of varying degree

From the table it can be secen that scwage treatment is better inside the
coast. There is a slow increase of the nunber of treatment plants also in
the coastal communities. In the inland a few plants for chemical treatment

have becen built.

Owing to the ccmplexity of many parts of the Swedish coast; the water

cxchange with the open sea may be nmore or less restricted. Sewage discharges
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therefore influence nmarine life and fisheries in several local areas.
The largest poiluted areas are the archipelagos off Stockholm and Gote-
borg, and the Oresund.

There are, as yet, no long pipe-lines carrying out sewoge; but they
have been discussed in connection with the pollution problems of sone
conrlunities, e.g. Stockholn and Goteborg. Because of the discussions con-
cerning the sensitivity of the Boltic to pollution the Stockholnm pipe-

line project will probably not be carried out.

U.S.S.R.
Mill. inhabitants BOD5 tons/year P tons/yecar
Arecas
Direct | Indirect Direct | Indirect Direct | Indirect
Gulf of PFin-~ 4.290 0.247 107 000 6 200 4 300 250
land
Baltic properi 1.330 | 0.535 3% 000 { 13 400 1 300 540

Most sewage is untreated or only primary treated. The influence of
treatnent on the indirect discharge is not calculated with above. There-
fore the BOD5 figures might be 20-30 % less.

The water exchange along the open coasts of the Lithuanian S.5.R., and
Latvian S.5.R. is sufficiently good. Thus sewagec pollution does not have
any accountable influence on the narine lifec. On the other hand the water
exchange in sone seni-enclosed bays is soncwhat restricted and scwage ne
have a negative influence on their biology. The largest polluted arcas
are the Gulf of Finland near Leningrad and partially the Bays of Tallinn,
Riga and Kura,

No pipe-lines for scwage exist hitherto along the Baltic coast but
sone are being prospected in Pdrnu, Riga and Tallinn. The sewage water
will be treated mechanically or biologically before entering the pipe-

linecs.

General

In Table IT on page 28 the scewage BOD. and phosphorus content figurcs

5
proeviously given for the different countrics are sunnarized. A nore
detailed discussion is postponed until after the chapter on industrial

pollution. Below are, however, nentioned sone facts concerning sewage
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pollution in the area we are concerned with herc,

The quantities of secwage carried out into the Bothnian Bay and the
Bothnian Sea arc small, thosc brought out into the Baltic proper, the Belt
Sea and the Kattegat are noderate. Those carried out into the Bay of
Finland and the Oresund are, however, big, duc to dense population areas,
cspecially the Leningrad and Copenhagen-llalmd regions.

llost of the directly discharged scwage is not treated or undergees only
primary (mechunical) trecatnent. There are some biological treatnent
plants, but as far as is known no treatment plant for chenical precipita-
tion of phosphorus compounds, etc., has becen built on any of the coasts. -
In all countries nuch greater efforts have becn made hitherto to avoid
pollution of the inland waters.

In some of the countries pipe-lines are constructed or planned in order
10 protect near shore arcas from sewage pollution., It was agreed that this
is generally not a good way to dispose of either sewage or industrial wastes,
unless they are sufficicntly treated. Even if careful consideration is
paid to fishery, the hcavy load of nutrients carried out by pipelines can
eventually influence the conditions of such a closed area as the one
concerncd with in this report.

A nunber of nmostly cocastal arcas are nore or less influenced by sewage
brought out directly or indirectly often in combination with sone local
industrial wastes.

Heavy organic load, causing anong other things reduced oxygen content

of thc water, followed by changes in the marine flora or fauna, have becn
reported from e.g. the fjords of Schleswig~Holstein (Xdndler 1953, 1956),
the Bay of Lilbeck (Schulz 1968), the archipelagos of Stockholm (Cronholn
1965), Turku (Tulkki 1964) and Helsinki (City Water Authorities).

Even if there is no remarkable oxygen decrecase sewage pollution nay
contribute to changes among the organisms. In the heavily polluted archi-
pelago off Goteborg there is a good oxygen supply but a thick sedinent
layer contributes to a decreased nunber of hard-bottom animals and the
water turbidity seccems to prevent the distribution of some fish-species; c.g,

labrides and Trisopterus (Gadus) minutus(Dybern 1969)., In the sane area the

nuaber of soft-bottom species has decreased but the number of individuals
has increased (Andrén, Nyholm &Olsson 1968),
In scveral parts of the Oresund changes in the bottom fauna caused by

pollution have been cstablished, e.g. on increase of Capitella capitata

and other pollution indicator organisms (Henriksson 1967). It has not been
possible to show that fishes in gencral except perhaps herring avoid the
waters of the Sound (Bagge & Jensen 1967), but sone scientists consider the
reproductive ability of some species to be rcduced. The fish population,
however, sccns to be replenished, mainly from the Kattegat.

Heavy bloonms of narin algac, indicating pollution conditions, arc known
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to have occurred in sonme of the coastal areas, e.g. in the Stockholn and
Helsinki regions.

Virus and bacteria harnful +to man have been reported from sonme placcs.

A case of epidemic caused by adeno-virus from the Stockholm sewage has
becn described (Kallings 1961). In the water of the Oresund different
microorgonisms causing epidenics,; as Salmonella spp, have been shown to
survive for a considcrable time (Bonde 1967). Salmonella-virus has also
becn shown in rather big quantities in the Puck and Gdansk Bays (Institute
of Naval Medicine, Gdynia). All countries have hygienic control of the
content of colifornm bacteria in bathing waters.

m

The anaerobic bacterium Clostridium botulinun, type E, which nay be

couricn in sewage and which nay render fish products very toxic, has becn
found in both botton sediments and fish of the Uresund (Johannsen 1963).

Other toxic micro~crganisms have not been reported.

INDUSTRIAL POLLUTION

Although easily put into the category of industrial pollution the
following itens are in the main treated separately:

poliution by pesticides etc. including mercury pollution

pollution by oil

pollution fron electrical power stations

Dennark

Dennark has a varity of food industries, (sugar works, dairy plants

ond poteto-starch industries) and chenmical industries (herbicides, pesticides,

drug-industrices end smaller paper mills). The main pollutants brought out
into the sea directly or indirecctly by rivers are oxygen-demanding natters,
heavy netals (Hg and others), cyanides, chlorinated phencls etc. The BOD5
is high in several cases. Thus the discharges of a drug industry ("enzy-
nes"), treated by a court in the Great Belt arcea, has becn estinated to be
2 000 +tons BODS/yoar which egquals about 2 % of the estimated national
contribution of scwage BODB.

Ho special efforts are nade to lower the BODB. Toxic natters are re-
duced to the levels denanded by the local courts. Some industries (sugar,
pulp and a few chemical ones) lead out their wastes into the sea through
pipe-lines. These arc usually shorter than 1 k.

The narine environment is considered 1o be umoderately influenced by
industrial wastes nainly in the Oresund, cspecially south of Copenhagen,

and in the northern part of the Little Belt,
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As far as is known, no dumping of industrial wastes occurs inside the
territorial border. A few dumpings outside the border seem to have occurred

during recent times.

Federal Republic of Germany

The whole coast on the Baltic is very important.for tourism. Therefore
very few industrial plants are located to this area. Most of those to be
found are food industries and the remaining are paper nrnills, iron industry
and shipbuilding yards.

The wastes of the food industry and paper mills are partly treated and
those of the ircen industry both mechanically and biologically treated. The
total BOD5 is estimated to 1000 tons/year in direct discharges. The influence
of industrial discharges on the marine environment is, as a whole, very small
or negligible.

There has been no recent dumping of industrial wastes into the Baltic

waters.

Finland

The principal industry causing water pollution is the wood-processing
industry, especially thec paper and pulp nills which have expanded consider-
ably during the last two decades. Although most polluted water arcas are
situated in the inland, where several lakes are heavily polluted there is
o heavy discharge of wastes into the sea, too, both directly and in-
directly through rivers. Most pulp production was earlier based on the
sulphite method, but during the expansive period there has been a rapid
change towards the sulphatc method. The pollution load of the sulphate nills
is smaller and easier to keep under control.

The figures in the table below showing the organic load (expressed as
BOD5 and P),discharged into the sea from the Finnish industry, recfer
alnecst exclusively to the paper and pulp industry. Big quantities of fibres
and other waste material are also discharged. The coastal areas influenced

rnost are in the regions of Kotka (Gulf of Finland), Pori (Bothnian Sea)

and Oulu-Keni (Bothnian Bay).
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BOD5 tons/year
Areas
Dircet Indirect
Bothnian Bay 69 000 T3 000
Bothnian Sea 25 000 8 000
Gulf of Finland 34 000 52 000

The difficult pollution problens, especially concerning the inland
waters, together with a wish to modernize the pulp mills has favored
installations of arrangenmecnts for fibre-separation, ligquor evaporation and
alcohol fermentation, but much remains to be done,

There are some other kinds of industries, e.g. shipbuilding yords,
netallurgical and chemical industries, but they do not contribute very
nuch to the pollution problems, except, perhaps, some factories making
fertilizers, from which, howcver, no sufficient discharge data exist.

As far as is known, no dunping of industrial waste material occurs

inside or outside the territorial border.

German Denocratic Republic

The coastal area of the G.D.,R. is not so heavily industrialized as
several other parts of the country. Shipbuilding yards and food industries
(fish—processing and sugar factories etc.) lie, &s a rule, at the lower
parts of the rivers and at the shallow inlets called "Bodden" and "Haffe'.

The discharges from the food industries have a heavy organic load. Thus
wastec waters from fish-~processing factories have an average content of about
4000 ng BOD5

factory of Sassnitz, cqual to about 30 000 person-equivalents, discharges

per litre, (Ventz & Zdnger 1966), but only the fish-processing

directly into the Baltic. Sone inner coastal areas are locally polluted,
duc to other industries,

Treatnent of industrial waste watcers is generally combined with primary
sewage treatment. Poart of it is untreated. The construction of better
treatnent arrongenents for both sewage and industrial waste woaters: is now
being discussced because of the great inpertance of the coastal area for -
tourisn,

No pipe~lines exist, nor is there any known dumping from ships inside
or outside the territorial border,

Poland

The Polish coastal arca plays an increasing role for the econony of the

country. Although there are few industries hitherto (mainly shipbuilding
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yards and food-processing industries) construction of new ones is plannecd,
The new industries will often belong to those using great quantities
of water in their production, e.g. paper and pulp mills.

The present influence on the marine environment is considered to be
very moderate and arrangenments will be nade to keep the future situation
under control.

Sone industrial wastes reach the coastal area through the two biggest
rivers. It has been observed that the migration of salmon upstream the
Wisiais to a great extent hindered, probably due to some wastes causing
avoidance reactions or fish-death.

Poland intends to build a pipe-line which will carry out great amnounts
of gypsun. It is being discussed at present what precautions nust be taken
to restrict the eventual influence on the environment as much as possible.

As Tor as is known no dunping of industrial wastes occurs.

Sweden

Sweden is heavily industrialized and the industrial capacity is doubled
cach 15~20 years. There is a tendency for heavy industries to move towards
the coasts,

Most industrial wastes (about 70 % ) derive from the forest industries,
such as paper nills, mechanical and chenical pulp mills, fibre-board and
cellulose plonts ete. There are about 100 such factories scattered along
the whole coast and outside many of them there is local or sonetines
even regional pollution, with more or less pronounced damage to marine
life and fisheries. The following table shows the total dischorge of
wastes, neasured as BOD_. and lignin at the Swedish east coast(partly after

5

Bruneau):

BOD lignin
Areas >

ton/year ton/year
Bothnian Bay 16 000 10 800
Bothnian Sca 350 000 639 600
Baltic proper 50 000 66 600
Oresund 0 0
Kattegat 20 000 " ?

The worst water pollution problems are caused by pulp industries using
the sulphite method.
Today there is a structural rationalization of most of the Swedish

paper and pulp industry towards fewer and bigger units. There is also
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strong pressurc fron the authorities to persucde the industries to build
effective treatment arrangements in order to.decrease the pollution effect
~ as is also the case in Finland. It is considerea that the highest
"'pollution peakV has been overcone and that in the future there will be a
slow but steady improvement of the pollution situation. To this contributes
also a certain change from the sulphite to the sulphate method.

There are nmany other kinds of industries situated at the coast; or
along rivers debouching into the sea, which cause pollution problenms but,
as a whole, to a smaller extent than the forest industry. Thesc industries
includc many netallurgical plants, food-processing and chenical factories
including those naoking plastic naterials. The controlling power exercised
upon then is generally strong, but so-called accidents are conmmon, sone-
tines causing fish dcath and other damcge to the environnent. There is
certainly also a slow leskage into the sca of very small, more or less
undectectable, quantities of different toxic substances., Fromn sonme indust-
rics very toxic polychlorinated biphenyls (PCB) arc released. Thanks to
inproved methods of analysis of chlorinated hydrocarbons (Jensen 1968) it
has rccently been shown that PCB conpounds nay be accunulated to high
concentrations in fish, fish-ecating birds and scals in the Baltic, far
away fron land (Jensen, Johnels, Olsson & Ottcrlind 1969).

For neny years, considerable anounts of mercury have been relcased fron
certain industries, espccially those naking bleaching powder for the paper-
and pulp industry (the "chlor-alkali factoriecs"). This, together with
nercury fron other sources, has in gsome regions caused high Hg-concentra-
tions in aquatic orgonisns. The mercury problem will be further treated in
connection with pesticidés.

Dunpings of industrial wastes are known in several cases, both fron the
territorial waters and outside. Here are sone cases, known to the authori-
ties (after Hult):

In 1930-31 7 600 tons raw arscnic, nixed with concrecte, were dunped
into the Bothnian Bay. During 1931 another 310 tons raw arsecnic were dunped
without special packing. Big quantities of mercury-containing waste
products have been dunped just outside the territorial border off Sunds-
vall, Bothnian Sea. In this area trawl fishery began in 1962 ond since
then several barrels have been found by fisherman. Different kinds of
wastes containing mercury, certain catalysts, which nust be stored under
water, and other waste profucts have been dumped in iron-sheet barrels
into thc waters south of Stockholm., During the early 50's industrial
wastes contaiﬁing sulphuric and hydrochloric acid and probably chronmium
conpounds were dumped off the central Baltic coast. 01ld cars seem to have
becen dunmped at least once into the Landsort Deep. Industrial and military
wastes of different kinds have also becn dunped into the deep parts of the

Skagerak and in some coastal parts of the Baltic.
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Evidently much more dumping has occurred and occurs without the authori-
ties being informed of it.

Pipe-lines are built from some of the pulp-nills.

U.S.5.R

The main kinds of industries discharging wastes directly into the
Baltic are paper and pulp mills, shipbuilding yards, food and fertilizer
factories and the oil shale ("burning stone") industry of Estonia,

The following table shows the estimated BOD. for wastes directly or

5

indirectly discharged into the sea from the industry of the Baltic area.

BOD_ tons/year
Areas 5
Direct Indirect
Gulf of Finland 51 000 6 000
Baltic proper 37 000 13 000

Only very little of the industricl discharge undergoes (prinary) treat-
nent and it influences the marine environment especially in the ecastern
part of the Gulf of Iinland and the Bays of Toallinn, Riga and Rura.

It is intended to provide most industries with treatment plants in
the near future,

HNo pipe-lines for industrial discharge exist. As far as is known no

recent dunping from ships has occurred.

General

In Table III, page 29 an cttenpt is made to estimate the total BOD. of

industrial wastes discharged into the sea area under consideration. This
will be discussed in connection with sewage BODS.
The coastal waters of all ountries around the sea area are contaminated
with industrial wastes, often in combination with sewage. The worst prob-
lens seen, however, to affect the coasts of Sweden and partly the coasts
of Finland, to a great extent depending on the heavy paper and pulp
industries, while the problens especially in the two German States and
Poland are considered to be of ninor importance.
In nost countries there is, for different reasons, a nore or less
pronounced trend to increase industrialization of the coastal areas.

Wastes frem the cellulose industry contain many substances influencing
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the marine environment. The following table (Vasseur 1966) exemplifics

the constituents of sulphite liquor by using spruce wood:

Conponent : % dry % total

substance BOD

Lignosulfonic acids 55

Resings ete. 3

Hexoses 14

Pentoses 6

Acetic acid, Formic acid 5

Sugar acids etce. T

Ash 10

Lignosulfonic acids, furfural ctc. 13

Hexoses 42

Pentoses 21

Lcetic acid, alcohol 13

Innediate oxygen demand (802) 11

Liquors fron pulp industrics are toxic and dark-colored and nay be
inhibitory to the assinilation process. The break-down of organic naterial
decrecases the oxygen content of . the water., Fish can be tainted by sone of
the conponents (Hassclrot 1964), Sulphite.liquox'mnycxntaﬁlabuxt half the
original quantity of wood in solution, the break-down of which equals
200~500 kg BOD5/ton produced pulp.

Fibres from different kinds of cellulose industries are often dis-
charged in big quantities. They accunulate on the bottom, suffocating the
botton life and destroying fish-spawning grounds. The break-down of the
fibres also contributes to the decrease of the oxygen content of the water.
There are several exanmples of this from the Swedish coast.

In both Finland and Sweden there is a nove towards increaseced trecatuent
of wagtes from the cellulose industry. Some of the ligour substances can
today be brought back into production. The rest, obtained by, Cige,
evaporation, has to be neutralized in other ways, for instance, by burning.
But this couses other problems, such as air pollution,

Toxic substances from other kinds of industries, c.g. heavy netals,

cyan conpounds, FCB, phenols and others, may be dangerous in the long run,
cven though they are discharged in very snell quantities. This is cspecially
truc of such almost undecstructible ccnmpounds such as PCB. Some substances
can be prescrved through the capacity of organisns to accunulate then

and cven to transform less toxic compounds into nore toxic ones. Certain
substances arc also known to act as catalysts, thus increasing the toxicity
of cothers. The Swedish PCB investigations show that toxic substances can

be met with in the open sea, brought there by organisms or water currents.

In connection with industrial pollution also the transfer of pollutants
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from the air to the water wns discussed.

Differcnt sulphur compounds seen to be the largest component in air
pollution. They are hardly éxpected to influence the marine cnvironnent
to any great extent. It is, however, known that considerable anounts of
other substances, containing heavy metals like mercury, phosphorus com-
pounds and chlorinated hydrocarbons are also carried through the air from
irdustrial centres in Europe and nay fall down into the Baltic waters with
rain, snow or dust clouds. It is believed that part of the PCB found in
different offshore organisms are brought there by the air,

Dunping of industrial wastes is genecrally avoided inside the terri-
torial borders. Most dumping into the open seca seens to have been nade
from Sweden. After World War II considerable dumpings of German war
naterial were carried out into the Bornholn basin and cother parts of the
Baltic. Mustard gaos containcrs have spread to different parts of the
Baltic and have even been found driven ashore, As late as the summer of
1969 some Danish fishermen in the Bornholn area were injured by nustard
gas, contaninating their trawls.

As a whole, there is now a trend in all Baltic countries to strengthen
the control of industrial pollution, in the first hand in the coastal

arcas, but in the long run also in the open sea.

BOD,, AND PHOSPHORUS

Table II summarizes the BOD_. and phosphorus content figures previously

5

given for the different countries concerning direct and indirect scwage

discharge respectively.

Mill. inhabitants BOD, tons/year P tons/year
Areas

Direct | Indirect Dircect | Indirect | Direct | Indirect
Bothnian Bay 0,230 0,167 5 600 4 500 290 220
Bothnian Sca 0.565 0.495 13 650 12 200 780 600
Gulf of Finland 4,868 0.797 121 450 19 200 5 050 870
Baltic proper 34335 2,065 60 920 30 000 3 880 2 370
Baltic Sea 8.998 3.524 201 600 6% 900 9 760 4 060
Belt Sca 1.195 2.600 40 100 21 000 1 240 2 800
Orcsund 1.770 0.310 40 600 2 600 1 960 350
Kattegat 0.625 0.360 16 000 5 000 890 400
Total 12.588 6.794 298 300 94 500 13 850 7 610

Table II .
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In Table III is estimated the industrial BOD_.. It hes in this casc been
5

inpossible to distinguish between direct and indirect discharge.

BOD_ tons/year
Arcas 5
Direect + Indirect
Bothnian Bay 160 000
Bothnian Sea 390 000
Gulf of PFinland 140 000
Baltic proper 120 000
Baltic Sea 810 000
Belt Sea <<1O 000
Oresund <10 000
Kattegat 2 20 000
Total ~: 850 000
Table IIT

All figures in Tables II and III are, of course, approxinations. Never-
theless they give sone hints of the pollution conditions in the sca arcas
concerncd,

As to BOD5, a conparison between the figures for sewage and industrial
discharge shows that the Bothnian Bay and the Bothnian Sea are much more
influenced by industrial wastes than by sewage. In the Gulf of Finland, the
Baltic proper and the Kattegat the influcnce is about fifty-fifty. The Belt
Sea and the Oresund are influecnced nost by scwage.

lost of the phosphorus conpounds discharged derive from sewage but a
ninor part comes from industriel plaonts. A rough estinmation, according to
Finnish figures, suggests that this part lies within 10-30 % of the total
suiz, Since thus only rather snall anounts derive from industry, most of
the phosphorus i1s discharged where the population density is highest, viz.
around the Gulf of Finland, nmany parts of the Baltic proper, the Belt Sea,
the Orcsund and the Kattegat.

As nmentioned befeore, the phosphorus figures have been calculated fron
the basic assunmption that the person equivalent is 1.0 kg/ycar. For sone
countrics the figurce is higher and, further-more, the figures for all
countrics are successively increasing. In Sweden it is thus estinated that
sewage wastes 10-15 years ago contained about 1.5 g P/person and day against
about 4,0 g today. This incrcase depends mainly on the increasing use of
synthetic detergents, espeecially washing powders. A similar increcse is
shown for other countries and also the increased use of certain fertilizers

in the agriculture is in sone countries of inmportance in this connection.
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As seen in Table II the total phosphorﬁs supply fron sewage and
industries into the Baltic (excluding the Belt Sea, the Oresund end the
Kattegnt) is estinated at about 21 000 tons/year. This estinate nay be
rather high.

Vhen evaluating the total gmount of phosphorus carried out into the
Baltic Sea we must add to the 21 000 tons (1) air-borne P, (2) natural P
carricd out by rivers, etc., and (3) the P content of the inflowing saline
watcr,

0dén (Fonselius 1969) cstimates the quantity of air-borne P to be
3000 tons/year. Some other scientists find this value too high.

According to Pedosov & Zaitsev (1959) the natural P anounts to 3 400
tons/ycar. The authors do not, however, mention whether sewage contamination
is included in this figure or not.

The inflowing quantity (tﬁrough the entrance sounds) is cstinated by
Fonselius (1969) to be 6 100 tons/year, while Voipio (1969) considers
it to be very small, only aobout one tcnth of Fonselius' figure.

If the highest above—mcntionedifigures of carried out P arc corrcct
the total sun is 33 000 & 34 000 tons/year. The surplus P is obtained if
we from the sum draw the outflow of P through the entrance sounds. This
outflow is estinated by Fonselius (op.cit.) to be 7 600 tons/year and by
Voipio (op.cit.) to be 10 000 tons/ycar.

hccording to the highest cstimations thus a surplus of about 28 000 tons
P/ycar remains kept in the Baltic Sea, while according to the lowest estina-
tions therce reumains between 70 000 and 15 000 tons/year.

The Working Group considers it to be an urgent need for further

studics on the Baltic phosphorus balance, espcecially on the P exchange

between the water and thce bottomn sedinents in different parts of the Baltic
crea and between the Baltic and the sez outside ity as well as on the ox—

change between the coastal waters and the open sca,
Of the total BOD; of about 1240 000 tons/year for the whole arca
590 000 tons/year fall upon the Bothnian Sea and the Bothnian Bay. Here we

clso find many of the worst polluted coastal areas, especially on the
Swedish side. The open parts of this sea area generally have a good water
circulation, both horizontally and vertically. This reduces most influence
of pollution on the open sea. The small phosphorus supply is considered to
be of almost no importance.

The BOD5 of waste waters brought out into the Gulf of Finland is higher
than that of Baltic proper and in %g%ﬁsélso the phosphorus supply plays an

inportant role. Therc arc several cxonples on heavy coastal pollution, and

also the open sca arcas nay be sonewhat influenced. The results of investi-

gations by Waern (Cronholm, & al. 1969) thus show increased values for
totalphosphorus in the surface water fron Stockholn through the archipelago

toward the open sea.
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As pointed out in the hydrographic chapter the nutrient content of
the surface water of the open Baltic is rather low compared with the
concentrations found in, for instance, the North Sea. In places with
a sufficient water circuletion an increased nutrient supply noy there-
fore have a beneficent influence on the productivity and fishery. The good
results of the herring fishery in the Bay of Riga (ILishev 1966) may thus
perhaps be connected with the rich supply of nutrients frou the surrounding
land (Otterlind 1969),., The special hydrographic conditions of the Baltic
deep basins, however, noke thcem very scensitive to increased nutrient
supply from the surface layers.

In the Oresund the orthophosphate valucs are higher than those of the
open Baltic and Kattegat, and orthophosphate secns to be accunulated from
the southern to the northern part (Vallin 1968). Waoern has shown an increasc
of the surface-water valuecs for total-phosphorus in the Oresund. The values
slowly decrcase northwards along the Swedish Xattegat-coast, to increase
again outside Goteborg (Water authorities of Goteborg, 1968).

It is believed by sonme scientists, but not yet proved, that a slight
decrease of the oxygen values of the Xattegat deep water observed recently
(Corin, Fonselius & Svansson 1969) depends on too heavy a supply of orgonic
natter through pollution. ‘

To sumnarize: pollution, described in terms of BOD5 and phosphorus
values, negatively affeets several coastal areas. In scne cases the pollu-
tion influences stretches a beyond the coastal zones, e¢.g. in the Orcsund,
the lLittle Belt, the Riga ﬁnd Leningrad regions,

Even though more biological treatment plants were along the coasts,
both for sewage and for industrial wastes, and the BOD5 figures kept in
check, very few or none of the plants scem to be provided with arrangenents
for phosphorus precipitation. If nothing else happens it nust be expected
that the phosphorus discharge into the seca will continue to increasc.
Attenpts have been nade, it is true, to climinate some of the phosphorus
conpounds fron washing-powders, among other things by compensatihg for
then with other chemieal compounds, such as nitrilotri-acetic acid (NTA).
These attenpts have, however, not yet proved to be very successful, as
shown by investigations in the Federal Republic of Germany, but Swedish
sclentists seen to be rather coptimistic. Illustrative for the situation in
Sweden is the recent increase of the phosphorus content of a certain
weshing-powder from 28 to 52 %, in spitc of the fact that the makers of
the powder are represented on a comnittee working to lower the phosphorus

content of synthetic detergents.
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PESTICIDES ETC,

DDT and mercury pollution are treated separately.

The use of pesticides in agriculture, horticulture, forestry and some
industries, e.g. textilc-industries, is comnnon in all countries, Espccially
in Sweden and Finland soue pesticides have been extensively used in the
paper and pulp industry.

There is a wide range of substances, both inorganic and organic, used
in the Baltic area. Accidents causing fish~decath or other damage to the
water environment are known from the freshwaters of all the countries.
Considerable efforts are being made everywhere to get the situation under
control, in accordance with the existing legislation.

In Demnmark pesticides are supposed to be discharged into the sea partly
fron industries, partly indirectly in connection with their extensive use
in agriculture. Chlorinated phenols from the weedkiller industry have proved
harnful to marine life (Boétius 1954). There are almost no figures for the
content of pesticides in the coastal waters, but investigations arc planncd.

The influence of pesticides on the coastal waters of the Federal Re-

public of Germany is considered to be very snall. According to a specidl

law, the use of several common compounds (e.g. aldrine, chlordane, dieldrine,
cndrine and heptachlor) is forbidden in connection with plant food-stuffs
(Bundesgesetzblatt Teil I, 1966, p. 667-675).

In Finland the contents of some pesticides in the water of several
rivers decbouching into the sea have recently been investigated. The con-
centrations were, however, under the detection linit. Of some of the 14

conpounds studied the results were as follows:

6

DDT © <2 x 107" ppnm \
DDE A x 1078 v
Dicldrine <5 x 1077 "
Lindane <5 x 10_7 "
Parathion ’ s x 1071
Malathion A x 1078w

No neasurements on sea water nor marine organismns have been carried out.
Judging fron the above-nentioned results the influence of pesticides on the
coastal waters is thought to be very snall.,

No investigations on the pesticide content of the coastal waters of the

Gernan Denocratic Republic and Poland have been carried out, Influence on

the marine environnent is considered to be very snall, but the Polish

representatives adnitted that pesticides noy be carried out but only by
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the main rivers.

In Sweden an extensive use of pesticides has coused considerable
danage. In 1964 ca 700 substances were in use, together making ca 2 400
tons (Wase 1968). By special regulations the number has been reduced
but pesticides are still used in excess in many connections. An unknown
quantity is carried into the sea by rivers and air, and investigations
have becn started to estimatc this. Pesticide residues of various kinds
have, ho&ever, already been demonstrated in coastal waters. Recently,
for instance, the content of dieldrine was found to be so high in fish of
the river Viskan, running into the northern Kattegat, that the lower part
of it and o sea area outside had to be declared o prohibited fishing-area.
This and other accidents haove rapidly brought about prohibition of the
use of aldrine, dieldrine and, partly, lindane from 1 January, 1970,

The use of pesticides in the Baltic area of the U.S.S.R.. - especially
in the Estonian S.S.R. - is about 0.8 kg per person anrd year (Simson,
Iutsoja, Ilmoja & Ditrich, 1968 ).Fron 1968 the use of several chlor-
organic compounds has been stopped. No special investigations on the pesti-
cide content of the Baltic coastal waters have been made, but it is assuned

to be snall.

DT

DDT is perhaps the nmost wide-spread pesticide and there seemns to be no
part of the world not infested by it. The danger of too heavy a usc is
clearly denmonstrated in many investigations. DDT has been used in all
Baltic countries, but not so extensively as in many other parts of the
world.

An extensive investigation is being carried out concerning the content
of DDT, DDE and DDD in nmussels, fish, fish-eating sea-birds and seals fron
the Swedish west and east coasts (preliminary results are published by
Jensen, Johnels, Olsson & Otterling 1969). The following table summarizes
the average content in ppm of ¢DDT (DDT, DDD and DDE) and DDT found in the

fat of some of these aninals:
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Off Swedish Oresund and Stockholn

Species west coast Baltic proper archipelago
§DDT DDT éDDT DDT §DDT DDT
Mytilus edulis "1 0.6 "6 1.8 3 1
(0.4-5)](043=1.3)|(0.9-10){(0.5-2.9)| (1=4.7) |(1~1.8)
Pleuronectes 1 not esti-| 2.7 2.1
platessa (0.9-2)| nated (1.4-7.8)|(0.6-7.2)
Gadus norrhua 1 not csti- 19 9.8
(0.6-2)| mated (12-31){(3.5-19)
Clupea harengus 17 9.7 TaT 3.9
(4.1-37){(1.5=21) |(4.%11) |[(2,0-5.3)
Uria aalge 570 20
(cgas) (300= (7.5-38)
790)

HalicGtus albi- 25 000 | not de-
cilla, pecctoral (16 000-{ tected
ruscle 36 000)

The sanc, "1 900 | not de-
brain (1 700- | teeted

2 100)
Halichoerus 130 62
grypus (110~ (57-66)
150)

Although the sanmples were small, sonetimes of only 3-4 individuals,
there sececns to be an obvious tendency for the concentrations of DDT to be
higher in the Baltic than off the Swedish west coast. Since DDT is uuch
nore casily dissolved in fat the concentrations in nuscle tissue of the
sanc animals were nmuch lower, but the same gencral trend to higher amounts
in the Baltic aninals is shown.

According to the cited work the DDT concentrations in seals from the
Baltic seem to be up to 10 times as high as reported from North Sea scals
and seals fronm the coast of Canada., The concentration i Guillemot eggs is
likewise several times higher than those reported for the same species at
the British Isles. The Swedish Guillenots live near the island Gotland in
the niddle of the Bealtic.

As nentioned before, the PCB content of marine organisms is high in
fishes, sca-birds and seals from the Baltic. Since many of the aninals
investigated were caught in the open sea there nust thus be a transport of
pesticides and other toxic substances from land to the open sea. The water
exchonge between the Baltic proper and the North Seca is rather slow and
nany of the substances nay be expected to stay in the Baltic for a con-
siderable time, especially those which are very slowly broken down. This
nakes it possible for marine organisms to concentrate them to high, maybe
deleterious concentrations.

DDT is found in the air. It is known that the break-down of planktion
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organisms may give risc to a very thin surface film of fat. Since DDT is
easily disscolved in fat it might be expected that at least part of the DDT
in the Baltic derives from air-borne DDT. From the surface f£ilm it can be
carried downwards by water turbulence etc., affecting primary produc-
tion. Wurster (1968) has shown that the possibility of photo-synthesis in
certain planktonic algac is greatly influenced even by very small anounts
of DDT,

Recent investigations in Canada have shown that sublethal DDT in such
a snall quantity as 20 ppb in 24 hours affects the learning ability of
brook trout (ICES Fish., Inpr. Comm., Adm.Rep., 1969) Although this result
is from freshwater investigations and thercfore not directly applicable to
narine fish, it gives another hint of the very great sensitivity of animals
to DDT, -

Accunulation experincents on narine fishes have been started in Den-
nark and the Federal Republic of Germany.

The use of DDT in households and gardens will be prohibited in Swedcen
from 1 January, 1970. All other use will be prohibited by way of experi-
nent for two years from the sane date. Since 1968 DDT is not uscd in the

U.8.5.R. and will be partly forbidden in Denmerk fron 1 Noveumber 1969.

Itercury

Mercury compounds are used as pesticides in the agriculturc of sone
countries. In Sweden and Finlond they have also been widely used as
fungicides and slimecides in the paper and pulp industry. Mercury-containing
wastes also derive fron a lot of industrics, fron the burning of houschold
waste, c.g. poaper, and other sources.

Sonm of the mercury wastes are in thenselves toxic to organisns, others
nay be transformed by organisms to be nore toxic than from the beginning.
Like many other industrial wastes and pesticides mercury compounds tend 1o
accwiulate in living bodies and botton sedinents.

Sweden has an extensive research programme concerning nercury. Several
steps have also been taken to reduce the discharge of nercury-containing
wastes into the natural enviromment. Thus the use of mercury in agriculture
has decrecased considerably and nost of its usc in the paper and pulp
industry is or will be forbidden. Efforts are also being made to bring down
the discharges from the chlor-alkali factories.,

However, considerable nnounts of nercury are already accumulated in
naturc. The concentrations in fish fron nany inland and ccocastal waters are
go high that these areas have been declarcd prohibited fishing-arecas, which
means that fish must ncither be sold nor be given to other persons as gifts.

The fisherman himself is, however, allowed to cat the fish at his own risk.
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The threshold value lies at 1 ng Hg/kg wet weight.fish. About a dozen of
the prohibited areas are coastal areas (c.f., c.g8ey LOfroth 1969).

In Finland the problems are very nuch the sane as in Sweden, but
fishing is not prohibited in any areas as yet, although the nercury content
hos been found to be high in some cases (Histnen & Sjcblom 1968). Attenpts
are, however, being nmade to clininate the discharge of mercury conpounds
as nuch as possible in the same woy as in Sweden.

Also in Denmark high nmercury concentrations have recently been
denonstrated in some marine fishes in the Orcsund area (Dalgaard-liikkelsen
1969).

Hitherto it scens as if nercury pollution, as a whole, is more restric-
ted to certain coastal areas than is DDT and PCB pollution. The results of
investigations carried out in the Federal Republic of Germany on old cod
fron the open sea waters of the Baltic proper did not give evidence of a
higher nercury content than is considered to be natural.

Since the use of nercury is now to a great extent forbidden the Finnish
and Swedish paper and pulp industries have introduced new pesticides. At
least one of these has been in comnon use, viz. penta-chlor phenol (and
also closely related compounds). Unfortunately these compounds have hcen

shown to have a negative cffcct on fish (Weber 1965, and others).

OIL POLLUTION

Dennark

0il pollution from ships is a permanent but minor problen. One off
shore accident; through wrecking of a ship, is known fron the Kattegat.

Dennark has 4 refineries, on the coasts of the Belts and the Oresund.
There are several snall indusiries using oil-derivatives.

The danage causcd by oil-discharges has been small, mainly affccting
harbour waters and nearby bathing beaches and to a certain extent sca-bird
life. There seems to have been little influence on the extensive local
fishery, but in sone cases bad tainting of fish by phenols and sinilar
substances have been noted,

0il has sonetines been renoved from the surface by sinking, but sol-

vent-enulsifiers now scen to be mostly used,

Federal Republic of Gernany

There have been sone small oil-discharges in the Bight of Kiel, but,

as a whole, oil is no problen in this area in contrast to the German North
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Sea coast.

No refineries are situated on the Baltic coast.

Removal of o0il has been by means of different methods, such as sinking,
collecting with floating absorbent materials, burning and enulsifying.

Iuch rescarch work:hésbeen nade on the toxicity of different solvent-
cmulsifiers, e.g. by Rosenthal & Gunkel (1967) and Kithl & Mann (1967).
0il-degradating bacteria have been studied by Wallhduser (1967), Gunkel
(1967) and Gunkel & Trekel (1967). Organoleptic investigations arc comnon
and the effects on the flavour of marinc and freshwater fish caused by
0il and oil-derivates have been described,e.g. by Mann (1965 etc.).
Studiecs on the influence of o0il on the development of fish eggs are going

On.

Finland

0il pollution occurs nainly in harbours and is mostly of local inm-
portance. Sone accidents are known from.the open sea, e.g. in the Quark
area in 1968 and near Aland in May 1969.

Two refineries exist; no serious accidents from these are known.
As yct there is very little industry based on oil-derivates,

0il is destroyed by various means. Ashore~floating oil from the ARlana
accident was partly treated with emulsifiers, and partly burnt, which

caused danage to the sen birds and shore-life of nany small islands.

Gernan Democratic Republic

0il pollution fronm ships nay locally influence the waters of the har-

borus. No refineries are built on the coast.

Poland

0il pollution in Polish coastal waters is increasing. Most of it is
considered to recach the coast from the opén Baltic. Pollution of local
origin occurs in the docks of shipbuilding yaords. .

No refineries are built in the coastal arca. Some research on oil

poliﬁtion abatenent is being carricd out in the coastal area.

Sweden

The import of oil to Sweden is considerable. Many harbours have big
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bunker-installations and several refineries arc situated along the coast.

0il pollution is a rather serious problen. During 1968 125 dischargcs
fron ships (c. 80 on the west coast) are known to have occurred in the
coastal area., They derived from both cargoe ships and tankers. Most of then
were rather small but together they caused considerable trouble and danage
to bathing beaches, fishing gear and narine life, especially sca-birds.
One of the bigger discharges was caused by a tonker running aground in the
archipelago off Stockholm., A sinilar accident with a very big tanker
outside Goteborg did not, fortunately, cause damage. In May 19269 a tanker
of 71 000 tons collided in a thick fog with a carzo ship off the south
coast of Sweden. The tanker carried 70 000 tons of crude oil. Fortunately
only 1000 n3 bunker oil leaked out, otherwise a catastrophe similar to
the famous Torrey Canyon accident would have occurred.

0il is renoved by different neans but nethods are under developnent
to collect it by means of floating absorbents or boons and to punp it into
spccial vessels.,

The nunber of industries based on oil-derivates is growing, but,
generally speaking,very careful precaoutions nust be taken not to influence
the water enviromment. They are, however, permitted to release small
arounts of a largc number of substances.

Soric investigations on the resistonce of cod to glycol and tensides
have been nade (Swedmark 1968).

0il pollution is locoted mainly to harbour areas. In the near future
all U.S.5.R. harbours will be supplicd with specinl installations for
waste oil from ships and other sources.,

No tanker accidents are known from the open sea near the Baltic coast.
there arc no refinerics in the coastal area. Therce are sonc oil-pollution
problens outside places wherc oil shale is exploited ("burning stone")
e.8. in eastern Estonia.

The results of investigations by Hironov & Lanskaya (1966) show that
omarine algoe are very scngitive to 0il and oil-products, which may causc
the death of the algae or a retardation in cell-division. It is also shown

that developing eggs of Rhombus naeoticus arec very sensitive to oil de-

rivates (Mironov 1968).

General

All countries but the Gernan Democratic Republic and the U.S5.5.R. have
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ratified the Tondon 0il Pollution Convention (1954 eteci)s According to
this Convention the whole area considered is o prohibited zone. The
U.S.S.R. has a special 50-miles regulation and the G.D.R. has special
regulations in accordance with the Convention.

Most tanker-routes gc to Danish, Swedish and Finnish harbours. Most big
oil-pollution accidents occur on these routes and there is o narked 4
tendency for oil pollution to increase both in the coastal areas and on
the opensca. There is also a tendency for the tankers to get bigger. Thus
Pinland is now building two tankers of about 105 000 tons. This sigze is
slightly below what is possible to take into the Baltic proper.

In sonc of the Baltic harbours special installations for collecting
0il waste have becn crected. They are, however, too few and often too
cxpensive to be used by nany ships.

It was agreed that the Baltic area is o very sensitive one and that a
few disasters like the Torrey Canyon accident outside southern England in
March 1967 could annihilate the marine life and fisheries.,

At o neeting in Visby in Scptember 1969 official representatives
fron all Baltic countrics agreed in finding it necessary to increasc the
preparedness as 1o 0il pollution abatenment in the Baltic area, omong

other things through international cooperation.

WARM WATER POLLUTION

Pollution caused by cooling water from electrical power stations
using fossil or atonic fuel is, as a whole, of no inportance in the arca
we are concerned with here. The existing power stations, mainly using
fossil fuel, are relatively snall and the influence on their recipients is
very loeal and can nostly be ignored.

In the future, however, nany very big nuclear power stations will be
built. Sweden, for instance, is plamning to build 10-12, cach with a capa-
city of ca 3000 MW, along the coast in the next 25 years. Each of these
power stations will discharge a, 150 m3/soc., about 1OOC warner than that
of the receipient. This quantity roughly corresponds to the average flow
of a normal Swedish river., Sinilar nuclear power stations are also planned
in other areas, e.g. at Greifswald in the Gernan Denocratic Republic and
at Loviisain Finland.

The possible influence on the marine environment by the future warn
water outflow was briefly discussed. It was agreed that if the water
currcnts are constant and go in the same direction they nmoy have a bene-
ficial effect, contributing to an increased production in local areas. The
possibility of using the water for fish-~farming was also considered.

It was, however, agrced that the influence nay be negative, cspecially
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in arcas already polluted by sewage or other wastes, including pesticides
and radio-active naterials. The food-chain cycles, for instance, nay be
accelerated, which will increase the possibility of accumulation of toxic
substances within the organisns. In the recipients the flora and faouna
conponents nay be exposed to temperature changes. This will certainly
clininate some of then, including fishes. It was also pointed out that when
clecaning the tubes, etc.,different kinds of rcleased detergents nay cause

denage to the recipient.

OTHER KINDS OF POLLUTION

Radioactive pollution

Radioactive westes werc discussed only briefly since, sinilar to the
agreemcnt between the Members of the Working Group on the Pollution of the
North Seca, the Representatives of the present Group considered it best to
leave these problems to other, nmore specialized bodies.

It was, however, agreed that radioactive pollution nmust not be isola-
ted too nmuch from pollution questions as a whole. It was established that
the Baltic waters are; indeed, to a certain extent contaminated with fall-
out radiocactivity. At least in some parts it secens as if the concentrations
have increased o little during recent years (Voipio & Salo 1969) although
" the results of investigations in other parts (c.g. the Bays of Kiel and
Lilbeck) rather point to a status gquo.

The pollution situation is subject to very strong control in all the
countrics and nust renain so, since the estoblishment of the future nuclear
power stations, ctc. will cause the release of snall additional aoounts of
radioactive matter, which otherwise, in combination with other pollutants,
could be a potential risk for the marine environnent.

Therc is no legislative hindrance for nuclear ships to pass the Belts

and the Oresund and enter the Baltic sea.

Pollution by ships (except oil)

The ship traffic of the Kattegat, the Danish waters and parts of the
Baltic proper is considerable. It is, for instance, estimated that nore
than 20 nillion people travel across the Oresund every year and during
surmier trips may be nade by about 500 passenger-ship, yielding between 250
and 400 m3 waste, per day. On sone routes, for instance, betwecn GOte-
borg and northern Jutlond nmany fishermen reluctantly traversc the ship

routecs owing to the nany nannade things they get in their trawls. In sone
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harbours, terminals for the collection of ship waste have been erected, but

they are too snmall and too few as yet to bring down this kind of pollution.,

In sone archipelago areas waves and currents caoused by ships hinder
the local fishery. Fishernmen in the archipelago of £land do not set their
nets in.sone areas because of the engine noisc from ships and snaller
vessels, which is thought to disturb the fishes,

Dunped fishing gear nay sonctimes be a hindrance for the fishery. It
was in this connection that the "Fisherics Policing Convention', London
1967, according to which fishing boats should not dump things danaging

Tishery or fishes, was convened.

Sand-sucking, stone and gravel collecting

Sand-sucking operations and stone and gravel collecting to get nate-
rial for building purposes on land take place in nany coastal areas, but
arc an international affair only in so far as sand-sucking in parts of the
Oresund, which has been said to noke the water turbid, to deplete the
botton water of oxygen and to destroy spawning grounds, causing fish to
avoid the areas. The results of recent investigations (Ackefors & Fonsclius
1968) nakc it probable that there nay be sone damage to the botton fauna,

which fact could locally influence the fishery.

Underwater prospecting

Most of the countries have started or intend to start underwater
prospecting work to search for oil and gas. It nust be expected that sone
local fishing areas will be disturbed by such operations, There nay, for
instance, be an increased turbidity and a ceritaln leakage of sp001ai sub-
stances used in drilling. Recent accidents in the North Sca and at the
Californian coast (ec.g. the St. Barbara accident in January, 1969) show

that considerable trouble may be caused by leaking oil or gas.

INTERNATIONAL, COLTABORATION

Pollution research is carried out in all the countries in conncction
with special situations or as independent research programmes. There is a
developing international collaboration in the hydrographical ahd narine
biological field, partly through such international orgonisations as
ICES, IOC, IMCO, IAEA and others, partly through nmore local organisations

such as
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The Baltic Oceanographers (all countries)
The Baltic Marine Biologists (all countries)
The Committee on Pollution of the Oresund (Denmark and Sweden)
The Cormmittee on Pollution of the Gulf of Finland (Finland and U.S.S.R.)

The Sub-Division for the Baltic area of the Cooperative
Comnission of the Acadenies of the Socialistic Countries
for Planctary Geophysical Research (G.D.R., Poland and U.S.S.R.)

The cooperative rescarch work in the Odra (Oder) being carried
out by the State Water Boards (G.D.R. and Poland)

SUMMARY

All the countrics have laws against water pollution which include the

coastal waters inside the territorial borders. At present the controlling
power is, however, wecaker concerning the latter areas than concerning the
inland waters.

All countries control oil pollution, most of them according to the
London 0il Pollution Convention. As to other kinds of polluticn the only
lepislative control of the open sea is the Finnish law against pellution
of the open sea.

The hydrographical conditions are characterized by the water of the

decep basins being nore or less stagnant, cousing oxygen deficit, and in

sonie cases production of H_S. The oxygen content of the decpest water

layers, especially in the galtic proper, show a narked decrecase since the
beginning of the century, acconmpanied by an increase of the phosphorus
content.

Considerable anounts of sewage are discharged into the coastal waters.
Most of it is untreated or undergoes only prinary treatnent. Sone coastal
arcas arc heavily polluted,; cspeciclly in seni-enclosed embaynents and
archipelagos where the water exchange with the open sea is restricted.
Sewage pollution is also heavy in the Oresund and sone other open sea
areas near the coasts., A big part of the phosphorus introduced by nan
derives fronm the increased use of synthetic detergents and fertilizers
during recent decades.

It is probable that the increasing sewage phosphorus discharge to some
extent contributes to the increasing phosphorus values in the deep basins
of the open sea. A nmoderately incrcased supply of nutrients including
phosphorus coupounds nay stinulatce the biological production and the fish
yicld in the sea. Because of the high natural anount of nutrients and low-
oxygen conditions of the deep water of sone Baltic basins the surplus
anounts of nutrients discharged by man nay, however, have a negative

cffect on fishery in the long run, for instance, by disturbing the oxygen
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balance or causing blooms of toxic plankton algne.

Industrial pollution influences nany coastal oreas. This is especially

true of pollutants from the wood-processing industries of Finland and
Sweden. The maxirnun pollution is, however, in this case considered to have
been reached and a slight inprovenent is expected in the near future.
Other kinds of industries locally influence the coastal areas.

There is certainly a small leakage of nmore or less toxic substances
fron many parts of the coasts into the open sea. Polychlorinated biphenyls
(PCB) are, for instance, shown to be accunulated in narine aninals far
from the shore, and concentrations reported from che Baltic and the Ore-
sund exceed those found in sone other sea areas.

Dunping of toxic substances has been made especially outside the
Swedish coast and in the southern Baltic proper.

There is a transport of pesticides, as DDT, from land into the open
sca. Mercury pollution seens, however, to be nore restricted to the
coastal waters.

Both industrial and other wastes may be deposited fron the air on the
sea surface.

Of other kinds of pollution oil pollution is increasing in nost parts

of the arca. Pollution from ships, pollution caused by sand-sucking
operations and dunping of nud and sludge have scnetinmes given rise to
local problems for the fishery.

Woarn water pollution and pollution caused by underwater prospccting

arc no problems at present but may be nore important in the futurc,
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Review of pollution transport and dispersion mechanisms

especially in regard to Baltic conditions

By A, Aitsam

Pollutants discharged into the sea ﬁater alter the water
environment and the chenge is accompanied by biological changes.
Therefore, to aveid undesirable consequences, pollution must be

kept within prescribed limits.

The individuality cf orgenisms and the more or less random
character of a pollution field caused by turbulence moke it
necessary to meke probability analyscs concerning the extensicn of
the polluticn field and the expccted concentration levels (Aitsam
1969). Consequently cne must not only be interested in average

~ values but also in extreme values, expected to be critical.

The extension of a pollution field in the marine environrment
is mainly coused by marine turbulence which tekes its cnergy from
the atmospheric and tidal forces, including wind influence and

seiches.,

Pollutants are discharged mainly in the form of sewape and
other waste waters in which they are kept either as solutions, es
solid particles or as films (oils). Only a limited part of the
polluﬁion is discharged into the sea without water (e.g. dumping of

solid matters from industry, ships, etc.).

According to their physical and chemical preperties the pollu-
tants can be divided into stable and unstable, buoyent and submerging
substances. The spreading cut of all kinds of polluting substances
(except those in film-form) may be described according to the seme

general model of turbulent diffusion.

The velocities of sewage or other wastc waters, at the moment
vhen they arc discharged, differ from the current velocities in the
sea, The discharge velocity of pollutants influences the dispersion

velocity in the vicinity of the outfall. This process can be called
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the initial dilution, diffusion in frec turbulence, or turbulence in
the region of primery velccities. The primery velocity of the waste
water is small in comparison with the current velcecity at some distance
frem the cutfall and does not contribute much to the‘spreading out of
the pollution field.

Outside this initial zone the spreading out is wainly influenced
by the marine turbulencc. This secondary precess can be called diffusicn
in turbulent flow. The change-over between the two zones is smooth and

can be estimated only conditicnally.

Mcst investigations hitherto made to describe the spreading out
of pollution field parareters in the marine environment are based on
averaged time studies. Only recently some works based cn probability
anolyses have eppeared in the literature (Gifford 1959, Monin-Jaglom
1967, Aitsam 1968).

The diffusion process in the marine environment is usually descri-
bed by means of differential cequaticns for linear mass transfer, by
mdking some assumptions concerning the kind of and properties of randem
functions describing the diffusion process, and by making use of turbu-
lence similerity hypotheses and dispersicn theories (Mcnin-Jeglom 1965).
Semiempirical diffusion cquetions can also be derived by assuming the
randonm function describing the diffusion process to be continous Markov
functions. In the third case relgtions for more complicated conditions
can then be obtained (Mcnin-Jaglom 1965, Hela & Voipio 1960).

The characteristics of the marine velocity field nmust be known in
order to be able to calculate the pollution diffusion in fhe sea. To
estinmate the averaged time of the velocity field one can make use of
mathematicel model methods (Hansen 1967, Leendertse 1967, Tamsalu 1967).
The estimation of the probability characteristics of the marine velocity
field has been discussed by Ozmidov (1958), Aitsam & Astok (1967,‘1968).
Determination of diffusion coefficients and their variation limits in
the Baltic heve been discussed by Joseph (1954), Ozmidov (1958, 1960,
1968), Okubo (1962), Bowdun (1964), Aitsam & Allpere (1967) snd others.

Relations for polluticn spreading undér different boundary conditions,
and different assumptions concerning diffusion coefficients have been
presented by Aitsam (1958), Sender (1958), Monin-Jaglem (1965, 1967),
Ozmidov (1968). The diffusion process of pollutants has been studied in
nature by means of artificisl tracers by several scientists, e.g.

Harremods (1964), Weidemann (1964), Voipio & Hela (196L) and van Dam (1966).
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To describe the dispersal of pollutents in the region of primary
dilution, simulteneous solution of differential equaticns describing
the primery velocity field and the turbulent diffusion is used. The
similarity hypothesis and dimensicn theories are also used. Calculating
rels+ions for the time averaged concentraticn field in the region of

primary velccities are given by Abraham (1963, 1966).

The dilution of pollutants in the primary velocity field can be
regulated by means of several kinds of diffusors. The purpose of obtai-
ning a high initial dilution of pollutants is (1) lowering of the
eritical concentration below a certain level at a short distance from the
outfall, or (2) to intensify the decrecase cf the primary velocity in
order to prevent the pollution plume from passing through the thermo-
cline, that is to keep it submerged under the thermocline during the

summer time.

Diffusors used to obtain & grat initial dilution may cause some
greater concentration values at large distances from the outfall than

single and simplec orifices.
In the literature are also discussed some special kinds of polluticn
dispersal in the marine environment, e. g. pollutants floating on the

surface (0il) (Tomsczak 1964 , Neumenn 1966) and in the wake of ships
(Abraham & Hilberts 1967).
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