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The pOllution eonditions of the Baltie Sea have been mueh diseussed

during the last years. The opinions of how badly polluted the Baltie

aetually is, have, however, been somewhat different.

Therefore the International Couneil for the Exploration of the Sea

deeided in 1968 to establish a Working Group on Pollution of the Baltie,

intended to make a survey of the situation.

The survey is herewith submitted to the Couneil. It has been made in

elose eooperation by Representatives from all eountries around the Baltie.

I wish to eonvey my great appreeiation for all the work whieh has been

performed by my Colleagues .

Bernt I. Dybern

Chairman of the Working Group
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INTRODUCTION

In 1967 the International Couneil for the Exploration of tbc Sea

established 0. Working Group within the Fisheries Improvement Commi ttec "fc}:­

the purpose of assembling data regarding substanees harmful or potentially

harmful to fisheries being discharged or likely to be discharged into thc

North Sea and adjacent seas". The Working Group prcaente:l itB report to the

1968 ICES Statutory Meeting in Copenhagen (paper E:5) In 1969 the repor-t

was published by the Couneil as a Cooperativc Research Rcport (Series A,

No. 13).

At the 1968 Statutory Meeting the following reoolution wao passed:

"in view of the need for basic factual information on pollution in all
areas, a Working Group be established in association bet~cen thc
Fisheries ImprovoDc~t Committee and the Hydrography Committee to consider
the situation in the Baltic with terms of refcrence nimilar to thone
of the Working Group on the Pollution of the lTorth Sea, ',vi th a view to
presenting areport at the 1969 Statutory Meeting" (C. Res. 1968/2:9) •

.The Working Group on Pollution of the B31tic thus entablished held its

first meeting in Copenhagen on 10-12 February 1969 when the following

representatives attended:

11r. J. Boetius Denmark

Prof. Dr. H. Mann Federal Republic of Gerraany

Dr. G. Weichart Federal Rcpublie of Germany

Dr. A. Voipio Finland

Mr. J. Rybinski Poland

Mr • F. Jastrzebski Poland

• Mr. B. I. Dybern Sweden

Dr. S.H. Fonselius Sweden

Through the oreanisation "The Baltic Oceanographers" Mr. Ie-H. Rohde,

German Demoeratie Republic, was invited to take part in the discussions.

He gave by correspondence some information from his eountry.

Information was given by the representatives concerning their respeetivc

countries as to the following items:

Legislation controlling water pollution.
The hydrographie conditions of the Baltic.
Pollution by sewage.
Industrial pollution.
Pollution by pestieides ete.
Pollution by oil, oil-derivates and ecrtain detergents.
Warm water pollution.
Other kinds of pollution, e.g. pollution from ships ~~d from tho air.
Radioactive pollution (only briefly).
Research work being curricd out.
Summary of thc presont situation in tho Baltic.
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A second meeting of the Working G~oup was held in Helsinki on 3-5

June 1969, attended by the following representatives:
u .

1~. J. Boet~us Denmnrk

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.I. Dybern S\veden

Dr. S.H. Fonselius Sweden

Dr. A. Aitsam U.S~S.R.

At this meeting 0. 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 proper, 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 canditions in the Öresund, the Danish

Belt Soa and the Kattegat to the Baltic area, it was agreed ta consider

also these areas.

SUrmlARY OF LEGISLATION CONTROLLING WATER POLLUTION

Denmark

Pollution .af rivers, lnkes and marine waters is governed by the Water­

course Act of 11 April 1949 and subsequent nmendments to this Aet in 1963,

and an ordinance of 1945 concerning measures far purifying watercourses.

Under this Act na material such as earth, sand, stones, ete. may be deposited

so near a watercourse that u risk of thcir being washed into it arises.

This also applies to solids or liquids, such as pesticides, whicll may

pollute the water. Section 5 of the Act states that waste waters from

tO\VllS und factories must not bc discharged into a watcrcourse, including

the sea, in such a way that "considerable pollution" arises. The decision as

what constitutes "considerable pollution" is loft to the Water Courts.

The Water Courts are constituted on 0. loeal basis and thcre are about

one hundred of them. Euch case of pollution is considered sepurately by the

Water Court concern8d and the various interests involved are taken into

considerntion. Experts nny be cnllcd if the court feels this to be neccssnry
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but thc Water Court must in any event notify the Ministry of Fisheries of

the case. After donsidering all the facts the court can impose limits if

thcy feel this to be noccssary~ The decision of thc Water Court-is open to

appeal but in practice ihis course is'raroly tuken.

Tho costs of u pollution investigation ordcred by a Water Court are

usually imposed on the industry or conmunity in question. Thc fishery

oxpert 1 höwever, is paid by the State (Ministry of Fisheries).

In general all sewage and other waste waters should be treated prior

to discharge to the sea. In thc caSe of fjords und other such waters the

Ministry of Agriculture, after consulting thc Mlnistry of Fisheries and

the l1inistry of thc Interior, mny prohibit the discharge of untreatcd or

insufficiently trcated wustes. Responsibility for the supervision of the

provisions concerning effluent quality rests with the Police and Fishery

Control, whcreas supervision of the watcrcourses is by thc Ministry of

Agriculture. Failure to c~Dply with the provisions of the Watercourse Act,

or ru1ings by thc Ministry of Agriculture or Water Courts is punishab1c by

fines.

Therc is no contro1 of dl~ping of wastes outside territorial waters,

but up to thc present no such disposals of wastes are known to have occured.

There havo been a few proposals and these are now being considered by tho

Ministry of Fisheries which, however, can only advise. Dennark has ratified

the London Oi1 Pollution Convcntion.

Federa1 Republic of Germany

The Federal Republic of Germany passed a 1aw in 1957 (Bundesgesetzblatt

1957, Part I, p. 1110) controlling the pollution of inland wate~7ays. This

was nodified on 15 August 1967 (Bundesgesetzblatt 1967, Part I p. 909) so

as to bring coastal watcrs under the same legislation. The section relating

to pollution of coastal waters becane operative on 1 January 1968. Under the

new law it is only possiblc to discharge solids or liquids into coastal waters

with the permission of the authorities. If thore is any likelihood of dange­

rous effects the authoritieo can withhold their permission or impose certain

conditions. The authorities have the additional right to withdraw or nodify

their consent if dnmage becomes apparent at a later dute. It 1s forbidden

to store dangerous materials near waterways in such a way that the waters

may becone contaminnted. Failure to conply with these regulations neans

that the person or persons responsib1e for thc pollution,may be liable to

heavy pennltieo. There are rules and regulations to the Federal Water Law
(Bundeogcsctzblatt 1957) which apply in the various States of thc Federal

Republic (Wassereesetze der 'Länder). _

The rules rcluting to pollution of coastnl watcrs only npply to terri­

torial waterB. Disposn1 of waste - except oil - beyond this zone is not
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controlled by law but in pructice anybody wishing to duop wast~ in the

C?pen sea, asks thc Ministry of' Transport f'or permissioni 'The 1.1inistry of'

Transport nny then eonsult the GCrI::l.an Hydrographie Institute (Deutsches

Hydrographisches Institut, Hamburg CD.H.I.)), the Federal Research Board

f'or Hydrology (Bundesanstalt f'ür Gewässerkunde, Koblenz), the Federal

Research Board f'or FiSheries (Bundesf'orschungsanstalt f'ür Fischerei, Ham­

burg) and the Biological Station Helgoland (Biologische Anstalt Helgoland,

Hamburg). Each proposal is eonsidered aecording to a standard set of' eri­

toria, e.g~ is it possible to treat the material on land and where is a

nuitable area f'or disposal at Gen? If' the naterio.1. in to be disposed of at

sea thon it is givon n dnnger elasnif'ication and must be disposed of'

accordingly (Weiehart 1968).

Coastal Pollution investigations are nainly carried out and paid f'or

by Fedoral or State authorities or institutes. , ,

The Federal Republic has ratif'ied the London Oil Pollution Convention.

Finland

The present Water Law, which c~~o into f'orce on April 1st, 1962, und

which replaced the previous, 60-year-Old legislation on the nUbject, is
, r

very extensive with more than 500 paragraphs. Thrce separate Dccrces have

becn givcn by virtue of this law.

Thc Water Law controls the utilization of' river and lake syntens and the

territorial waters, for various purposen, sueh as dravdng of' water,

building of' hydroclcctric plants, regulations of basins~ etc. It alGo

containG provisions conccrnine implemont~tion of this control J und pro­

cedurc in watcr dinputen. The Water Law ineludes a general prohibition

against pollution of these basinn, which applies to industry as weIl as to

anybody else who dischnrgcs polluting waste water into a watcr course or n

Gon aroa. Aeeording to this provision, nobody is allowed, without pernission

fron a Wnter Court, to take any' measures which Day cause pollution of' a

Gen aren. The f'ollowing measures are not permisGible: discharging of' dirt,

waste, liquid, gas, bark of' timber or other.sinilar substances into a

water banin in such a way that causes, either imnediatoly or in the courne

of prolonged practicc, dctrinontal docrcase of' dcpth of' wator, hnrnf'ul

change in quality of the water, obvious dnoage to thc f'ish population,

considerable dininution in nnenities of' the surroundings, health risk,

or SODe other conparable violation of a private or public interest.

Anyone who wants to get pernission f'or a Dcasure which io forbiddcn

by the general prohibition against pollution of' water shall apply to tho

Watcr Court. To thc application shall bc appcnded nccessa~y plans nnd

expositions, as provided f'or in Decrce.

Thc Dccrec conccrning prclininary neasurcs rclating to watcr 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 accompunied by a plan for discharge

and treatment of the wuste water, together with such explanatory remarks as

nay be necessary.

Tho above-mentioned notice is further passed to the Bureau for Water

Conservation, which has to examineit together with the attached plan. In

case thc Bureau considcrs thnt tho dischargo of effluents will cause

wator pollution, it shall ask the notifying party to alter the plan where

necessary or, as for as such dis charge of waste wnter is concerned for

which pernission may be granted, to apply for appropriate permission for

the measure in tho order prescribed by law.

The general condition for granting permission to undertake a measure

causing pollution is, that the activity Dust not endanger public health or

cause considerablo und widespread detriDentnl changes in the environment

or greatly inpair the housing or trade conditions of the region.

Otherwise, the granting of pernission implies that the detriment caused

by the measure can be considered comparatively minor as viewed against the

bencfit derived from it and that disposal of waste wnter or of any other

substance which pollutes tho sea area is not possible by any other menns

at reanonable cost. Any dnmage, detriment or other lass of bencfit caused

by the neasure shall be indemnified.

Special rules are.given for protection of natural waters ngainst

radioactive pollution.

Finland has ratificd the London Oil Pollution Convention. According to

a law of 5 March 1965 the open sea must not be dnmaged by wastes from the

~innish territory or fron Finnish ships.

Gernan Denocrutic Republic

According to article 15 of the Constitution of the G.D.R. (6 April

1968) thc appropriate State authorities (and with that the individual

citizens) have to ßuarantee the purity of air und natural waters.

The Watcr 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 saue rule according to the first regulation to the Water Law

(GEL. 11, Nr 43, 1963).

The suprene authority for water control is the State Office of Water

Mangeocnt, subordinatcd to the Government. This Office, local Water Manage­

ment Boards and Waterway Authorities control all kinds of utilization of

the waters. The Water Law prescribes that at all new constructions pre-

cuutions must be made in such a way that water pollution is avoided, und
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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 must be changed, this is only allowed after

special permission. Breach of the rules is punished.

According to legislative rulos of 19 February 1969 (GBL. 111, Nr 3,

1969) the appropriate authorities are responsible for the risklesd use of

all natural resources. Measures to keep waters and the air cloan or to

purify thon ohull systematically be taken. These rules strengthon the

intentions of the Water Law.

Other legislative rulcs rcgulate the use of w~tcrs from the hygienic

point of view, the controlling power ultimately being exercised by the

~iIinistry of Health.

The State Office of Radiation Protoction controls the radioactive

contamination of air, rain and surface waters according to special rules

of 10 June 1964 (GBL. 11, Nr 76, 1964).

Oil pollution is controlled by thc Water Management Boards. Persons

responsiblc for oil pollution accidents arepunished. The G.D.R. has not

signcd the London Oil Pollution Convention, but according to instructions

of thc Stute Board of Navigation, in 1962, it is prohibited to discharge

oil.into tho soa, in accordance with the ruloo of the Convention (GBL. 11,

Nr 21, 1969).

All ruleo are applicable aloe to the coastal waters inside the terri­

torial border. There is no lcgislation as to international waters.

Poland

Water management is considerod an integral part of the country's

econooy and the subjoct of central planning.

Thc current i"rater Law'is from 1962 and contains rulos for all kinds

of utilization of the natural water resources. It also gives rules for

water pollution control. A Governmental decree of 1962 givcs detailed

regulations concerning the desired quality of the natural waters, for

instance, after \vaste water discharges. Breach of the provisions is

punished.

Thc rules of the Vlater Law are also in force concerning thü coastal

waters inside thc territorial border. Some special provisions against

pollution are included in the regulations of the bigger ports.

To provide an efficient watcr pollution control a Central ~atcr

Resources Adminiotration was founded in 1960. It ourveys 0.11 water manage­

Dent. A special depnrtment is tho State Inspection for Water Pollution

Control, closely cooperating with Water Rcsources Dopartncnts linked to

the National Councils of Dost provinces. In important arüas such Depart­

ments are also established at the district level. All Departments cooperate
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with laboratories for water and waste water analyses.

As a wholc, thc water pollution control has hitherto been realized

nainly concerning inland waters but is now becoming extended to the

coastal waters. This is especially true of the hygienic control of the

water quality.

Poland has ratified the London Oil Pollution Convention.

Sweden

A new Law of Protection against activities which oay dnnage the

natural or human environnent cnoe into force on ~ July 1969. This lnw

inplien, ro~ong other things, general legislation concerning nost kinds

of discharges into the air nnd natural waters nnd several other nctivities

which Day bring about negative changes to theso media. The law is appli­

cable to both existing and future establishments.

As to the inland and constal waters the law states that wastes DuSt

not be discharged in nuch n way that "considernble inconvenience is causedll
•

This noans for nost connunities and induntries at least SODO foro of waste

water treatment and in many cases the erection of big and expensive treat­

Dent plantn.

The observance of thc law is exercised nninly by thc National Nature

Conservancy Office i collaboration with other State authorities and

the County Governnent Boards. The Office also works out standard values

for permitted concentrations of different waste substances.

All Dore inportant water pollution questions are subnitted to aState

Concession Office which docides the quantities and concentrations of

wastes, the discharge of which may be pcrDitted in thc sense of thc law.

Questions of Dinor iDportance are trcated by the National Nature Conser­

vancy Office or by regional Nature Conservancy Councils of thc County

Governnent Boards. In all relevant casen water pollution and air pollution

are considered together.

Breach of the rulos of thc law will be punished.

Sweden has ratified the London Oil Pollution Convention.

U.S.S.R.

Thu firnt legislative act concerning water pollution protection wan

passed by the People's Conmissnriat of Health in 1923, since when it has

been compleoonted nnd changcd oany tiDes.

The wnter pollution laws in force nowadays are based on thc Enactncnt

of the Council of Ministers of thc U.S.S.R. of 22 April 1960 (No. 425:

I~bout the control of the use of and the protoction of the water rcsources

of the U.S.S.R."). According to this Enactncnt thc water pollution control

is oxerciscd by the Boards of ~ater Resources Exploitation and Protection
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of the Ministries of Land InproveOOUtand Water Economy of the different

Republics, together with official snnitary, shipping, fishery, municipal

and agriculture inspection nuthoriiies.

To use natural waters and dis charge wastes into then it is necessary

to obtnin permission fron the Board of Water Resources Exploitation

and Protection - and also fron fishery and public health inspection

authorities. Such peroission includes stipulations of what is required

as to waste treatnent. Thus, for instnnce, a ncw factory Dust not begin

operation without n waste water treatment plant. In cnse the requirencnts

shoulcl not be observed by tho water user the Boar·l can, if necessary,

withdrnw pernission.

The Enactnent No. 425 also stntes that standard values for water

quality shall be worked out by the Ministry of Public Health. At present

the Ministry has passed two laws concerning water pollution: one for

inland waters (Regulation No. 372-61) and the other for coastal waters

(Reeulation No. 483-64). Both laws regulate the water quality characte­

ristics in relation to thc use of the \'Vater and give the highest pernitted

limits for 001'0 than 100 toxic substances.

Water pollution invostigations are mainly ordered and paid by the

State but local pollution investigntions night be ordered and paid by

connunitios 01' industries.

Tho U.S.S.R. r..as not signed the London Oil Pollution Convcntion,

but according to the above-mentioned Regulation No. 483-64 it is prohibited

to dischargo oil into the sea nearer than 50 niles fron the coast.

A new, Dore extensive, water Inw, referring to both inland and constal

wntero will be passed in the near future.

General

All countries have laws against water pollution, the controlling power

büing exercised by special national 01' regional authorities. The degreo of

control vnries froD country to country but, as a rule, the general trend

is to protect the wators fron being too seriously dnnaged according to the

purposes for which they are used.

The laws refer also to coastal territorial waters, thc U.S.S.R.

having special regulations protecting these, but at present the controlling

power is generally considerably waaker than for the inland wnters. In

nost cases there in no 01' only prinary treatnent of newage and industrial

wastes discharged into the sea. However, in nIl countries thora is a

trend to strengthen the contra1 of constal pollution.

According to the nev/ Swodish law water pollution nust in thc future

bc considered togüther with nny other kind of pollution, o.g. air pollution.
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Sinilnr regulations hnvc also been discussed in some other countries.

Dumping of wastes fron ships, exccpt dumping of mud fron harbours and

treatnent plants, etc., is not allowed or at least not recoWDended within

the territorial bordcrs of any of the countries.

Discharge of wastes harnful to the open sea is prohibited fron Finnish

territory 01' Finnish ships in accordance with the 1958 Geneva Convontion

(approved by the U.IT. Conferonco of the Law of the Sea). This Convention

will probably bc ratified by Dcnmnrk emd the Federal Republic of Gernnny

in the near future. In thü last-mentioncd country dischnrBGS outside the

territorial border are the subject of voluntary c~ntrol.

All countries but two, thc Gernan Democratic Republic and the U.S.S.R.

have ratified the London Oil Pollution Convcntion. The U.S.S.R., however,

has SODe special rules.for avoiding oil pollution within 50 oiles of

the coast, and the G.D.R., in practice, uses rules sinilnr to those of

tho Convention.

ON THE HYDROGRAPHIC CONDITIONS OF THE BALTIC

The following account is based nainly on works by HeIa (1960), Voipio

(1968) and Fonselius (1969).

The Baltic Sea (Fig. 1 ) is scparated froll the North Sea, 01' oore

exactly fron tho Kattegat area, by very shallow sills. The naxinum sill

depth is 17-18
280 000 0 , the

fore the fjord

n and thc cross sections 01' the inlets are: the Sound

Grüat Belt 225 000 0
2 and the Little Belt 16 000 n

2
• There-

character 01' the Baltic Sea is very pronouncod. Bocausü 01'

the positive water balance tho vcrtical circulation has an estuarinc

charnctor as weIl.

The anount of früsh wntor annually flowing into the Bnltic, i.e., tho

runoff and prccipitation, larßely exceeds tho nnnual amount of evaporated

water

Runoff
+

470 1m3
Procipi­
tation 3 +
200 1m

Inflow
=

430 1m3
Evapo- +ration 3
180 krol

Outflow

920 1m3

Owine to this exccss of frcsh water the outflow is about twicc the

anount of the inflowing Bore saline wnter. IIowevor, thc tide is hore

extroncly waak as n result of the cooplicatod sound systeo thnt separates

the Baltic frou thc North Sea. Tho Kattegnt aren is nainly very shallow with

a nenn depth of about 25 m. The volume of the Kattegat is sone 580 lITol3. Tho
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volurJes of the different bo.sins in thc Baltic Sen are given in To.ble I

(after text). Kecping in nind thnt the total voluue of the Bnltic is

o.bout 20 000 kr}, we arrivo at 0. "residence tine" of o.bout 21 yonrs for

the Bnltic wntor.

In Figs. 2-4 nre shown botton profiles nnd to~peraturo, salinity

and oxygon conditions in thc Baltic proper, thc Bothnian Sen and the

Bothnian Gulf. The vnlues were obtnined during cruises with the Finnish

resoarch nhip "Arandn" in July 1959 and June-July 1960, nnd they show

rnther typicnl sunner conditions.

Tho const lino of tho Bnltic is oxtrcnoly v~"~·ing. In tho southorn

parts of tho Baltic it is often vcry sinple while thora nre, espccially in

tho northern pnrts of thc Bo.ltic proper, several widespread nrchipolagos.

In thc sen arens between the islands nnd in the senienclosed enbnynents,

often with shnllow sills, the exchange of water with thc opon non nay be

rolo.tivoly nno.ll •

In the Bnltic propor tho loss snline wator layor extcnds fron tho

surfaco to the dopth of nbout 50-70 netres. At this depth thore is 0. shnrp

salinity discontinuity layer, which oxists tho vU101c year round and is

called the perno.nent halocline. This hnlocline is an inpedinent to the

excho.nge betwecn the doep water nnd the surfnce water. Thero occurs,

hcwevor, a slow nixing through tho halocline giving the surfnco wo.tor 0.

certnin nalinity.

Thc general circulation of the Baltic surfacc wator is counter clock

wise but thc o.ctuul eurronts are no.inly governed by wind eonditions.

During recent deeades the oxygen content of the Baltie deep water

ho.s docreo.sed. Fig. 5 shows this deerease of dissolved oxygcn for 0.

cho.ro.ctoristie sto.tion (F 74) in the northcrn part of the Bnltie proper •

Fig. 6 shows thc nean valucs for dissolved oxygen below the haloelino at

sto.tion F 78. This station in the Landsort TIeep, tho deopcst spot in thc

Baltie (459 n), which in separated fron the northern contral basin by a

138 n decp sill. The lastest ueunurenents, in Novenber 1968 and January

1969 show that H2S has now - for thc first tine - appeared in tho Lands­

ort Decp. If this dcvelopnent continucs in the Baltic deep water, the

wholc watcr nass bolow tho haloclinc will probably turn into 0. lifcless

"oceanic desert" such as is found in tho Black Sea.

Thc Gulf of Finlnnd.is not separated fron thc central basin by any

sills, and it nay bo rcgardod as apart of it. A decrease of oxygon has

becn rccordod thoro too.
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Thero ere no doep stntions ~ost of Gotlcnd with n long record of oxygen

noasuroDonts, but nt presünt the conditions nre just as bnd thore as north

of Gotlnnd nnd thero is no rens on to boliove thnt tho developnent hns been

dif~erent in thnt aroa. H2S has been found thora on severnl occasions.

Tho Gulf of Bothnia is separntod fron tho Bnltic proper by n sill with

n sill-depth of npproxinatoly 45 ll, but thera are indicntions of tho

oxistenco of a nnrrow 70 II passage to tho Alnnd Sen. Becauso the halocline

in tho Bnltic propor is locatod nt eround 60 n depth, thora nay be n 8llnll

oupply of Bnltic dcop water to tho Äland basino The oxygen supply has

docrensod slightly in tho deop water of tho Alan~ Sen.

The Bothnian Sea has nlways been regarded ns n soa with n yory good

yenrly aorntion due to convoction durine tho wintor. Fiß. 7

shows the oxygen valuos at stntion F 24 in tho Bothnian Sone Tho vnluos

are froll 175-200 n depth, plottod in snue nanner as in the provious figures.

Also hore wo get a deeronse of tho oxygon vnluos in tho deep wntor fron

1900 to 1961. F 24 is loentcd nenr Ulvön nt tho Swodish const. It is b10wn

to bo tho deopest spot of tho Bothninn Sen. The nerntion of tho doep wntor

does not seem to be ns good hero nt prosünt ns it wns in tho beginning of

the contury. Another possibility nny be thnt tho consuoption of oxygon in

thc doep water hnG increnscd duringthis tine duo to industrial wastes.

No such effeet ean bo dotoctcd in the Bothnian Bay north of thc Quark

owinC to tho good convoction every winter.

It is a woll ostablishod fact that tho sclinity of the Baltie water

has increased sinco the boginning of tho 20th century. This incroaso has

occurrod both in the surfnco water and in tho doep wntor. It uay best be

followod in tho doop wator whoro tho nnnual vnriations of tho rivor wntor

dischargo will not cause direct and rnpid fluctuntions o~ tho salinity •

Fig. 8 shows tho snlinity fluetuntions in thü Gotlnnd basin nt stntion

F 81 frOll the boginningof the cantury until 1968. Fron the figuro wo can

soo a docronse in salinity during the 1930's. This deerense oceurrod both

in thc surfnco wntor nnd tho deop wntor. During 1938-39 thoro bogan nn in­

flow of norosnlino wnter in the botton lnyers. This proeoss hns probnbly

continuod, though fluctuating, until tho proscnt tino.

Tho isohaline for 8 ~ is often considered to bo the upper linit for the

hnloeline. Fron Fig. 8 it cnn be seen thnt tho increasod snlinity of the

deop wator has fore cd the hnloeline to rise. This snlinity increnoe,

obscrved in nIl p~rts of tho Baltic, will cause an increasou stability of

the hnloelino. The rooult of this incrensod stnbility will be thnt the

exchange of oxygon through the hnloclino will decrensc in all parts of tho
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B~ltic ~nd that the winter convection in the Gulf of Bothnia will not as

easily aS before reach the deepest parts of the basin.

The nutrient contont of Baltic surface waters is rather low when oon-

pared to thc concentro.tions found, e.g., in the wo.ters of the North Sea

The phosphate-phosphorus conccntration of the Baltic surfo.ce waters usually

vo.ries froll about 0.1 to 0.5 ~g-o.t/l. Ano.lyses ~f inorganic phosphorus

were co.rr1ed out in tho Baltic nlrcady during the 1930's. Unfortunntely very

few values have bean publishod. Fig. 9 shows the oean values for phosphate

fron 100, 200, 300 and 400 0 depths in the Landsort Deep fron 1954 to 1967.

Ono vnlue froo 1938 is included. As cnn be seen -l;~._e phosphate has incrensed

continuously during this tine fron about 1 ~g-nt/~ to ncarly 3pg-nt/t.

This nenns that the phosphate concentration in now three tines higher thnn

it waS 15 years ngo. Other stations show tho sane trend. Present estinates

give about 300 000 - 400 000 tons of P in the deop water of the Bnltic

proper •

A rough estinntion of the nnount of oxygcn nt present dissolvod in the

doep wnter of the Baltic proper, cnn be nndc. The volune of the centro.l

b~sin below the halocline is sone 3500 ko3• If wo assune tho.t thc water

there, on o.n o.verage, conto.ins 0.5 nl oxygen/l, we will get a totnl of

2.5 x 106 tons. We cnn aSS~Ule tho.t nornally during longor periodn the

oxygen which has been brought into the deep water, has genernlly bnlo.nced

the oxygen consunption thore. Othorwisc,tho decp \'Vator of tho Bnltic \'Vould

havo lost its oxygon long ngo. Tho renson for tho nOW observed decrco.se

of the oxygon concentration in tho wntor I:lnY bo (1) a decreasc of the oxygon

supply with the inflowing water through tho Bolts, (2) o.n increnso of thc

sto.bility of the pcrnnnont ho.loclino, (3) o.n incroo.so of tho prinary

production in the surface lo..ycrn intensified by increased "fertilisation"

whicll increaso tho nnount of dcad organic natter in the deep wnter, (4) 0.

direc+. supply of orgnnic natter brought into the doep water fron disposnl

of sewage and wasten fron com~unities und industries.

It is not easy to prodict how thc conditions in the Bnltic will dovelop

in the future. We do not know onough nbout the fundnnentnl processes

rOGulnting tho oxygen supply to the deep wnter nnd the effects of wnste

disposnl into the Baltic.
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SEVfAGE POLLUTION

For each country estinations havo beon nade of the organic load of

dircctly und indiroctly (by rivers etc.) discharged sewage, expressod

as BOD
5

and phosphorus content.

BOD
S

figures, ao a rule, give only part of the real organic load

carried by waste waters and the value of BOD
5

estinations have nany tines

been discussed in the literature. Nevertheless they are considered to

give a hint of the pollution load of 0. rocipient.

Tho BOD
5

figures havo ooon calculated fron t~0 basic assunption that

the organic load of dischargod sewage is oquivalent to about 25 kg O
2
/

person und year. The phosphorus content has beon calculated fron thc

assunption that the discharge is equivalent to 1kg/person and year. The

phosphorus figures nay also include SODe industrial phosphorus, which is,

however, only n snall part of the total sun.

Thc ealeulatcd BOD
5

and phosphorus figures have in nany eases been

"eorrected" in relation to the degree of sewago treatnent or other loeal

eircunstnnces known to be inportant for the estinations.

It is otrcsned that the figuren are approxinations. This is especially

true of those which rofor to indireet dischargo. Thc basis of caleulations

has also variod sonewhat anong the ~le~bern of tho Group. After having

discussod thc difficulties in oxpressing pollution conditions in nore oxact

ways, tho Monbers, howovor, docided to put thc figures into tho report.

Dennark

Mille inhabitants BOD
S

tons/year P tons/year
lI.rcas

Direct IIndirect Dircct Indirect Direct Indiroct

Baltic proper 0.060 0.020 1 500 500 60 20

Bolt Son 0.800 1.300 30 000 13 000 800 1 300

Öresund 1.400 0.200 35 000 2 000 1 400 200

Kattogat 0.100 0.200 4 000 2 000 100 200

Treatnent plantn for prinary'or biological treatncnt are, an a rulo,

situated insido thc coastal aroas. The figures for indirect BOD
S

are

rathor low duo to troatnont and supposed biological self-purificntion in

tho slowly floating rivers.

Copewlagon and sono other towns lead out sewage through short pipo-

linos.
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Tho Öresund, tho northern part of the Little Belt, nost fjords and

sone other nreas are noro or less influencod by sewage pollution.

Thore is n slow inprovcnent of the sewage pollution situation in Dnnish

wntcrs by construction of new troatnent plnnts.

Fedornl Ropublic of Gernnny

r.1ill. inhnbitnnts BOD
5 tons/yef':'" P tons/yenr

Aroa
Direct Indirect Diroct Indirect Direct Indircct

Bolt Sen 0.350 0.900 9 000 0 400 1 100

The directly dischargod sewage is genornlly not or only prinarily

troated. Most of the untroated sowage is dischnrgod through a pipe-line at

Bülk, noar Kiel. The indirectly discharged sewage undergoos, as a rule,

different degrees of treatnent. Ta keep tho coastal waters as clean as

possible with regard to tourisn the indiroct discharges are nnde into inland

wnters, where thoy are depleted of oxygen-donnnding substances before they

enter the soa.

The nnrrow inlets to Flensburg, Schleswig and Lübeck and asnall area

outside Bülk are sonewhnt influenced by sewage pollution. Increasod treat­

llont of diroctly dischargod sewage i8 expoctod to inprove the conditions.

Finlnnd

Mill. inhabitants BOD
5

tons/year P tons/year
Areas

IIndiroctDirect Indirect Diroct Indirect Diroct

Bothnian Bay 0.140 0.100 3 500 3 000 160 120

Bothninn Soa 0.310 0.350 7 750 9 000 400 400

Gulf of Fin- 0.578 0.550 14 450 13 000 750 720
land

Tho BOD
5

of sewage wator is snall conpared with that of the indus­

trial dischnrgcs. Most of the sewngo is untreatod or undorgoes only

prinary trentnent.

Disturbances in thc narine environnent due to sewage pollution are

generally considorod ta bo af ninar inportance, except outside thc biggest
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citics and towns. In the archipelago off Helsinki? whcre an extensive

investigation is being nnde? a considerable influence of sewage water

on the flora nnd fnuna hns been deDonstrnted.

No pipe-lines are as yet cnrrying out sewage into the sen but prospcc­

ting is being nade for thc dis charge of sewage fron Helsinki through one

(after biologicnl treatnent).

Garnan Denocratic Republic

Mill. inhnbitnnts BOD
5

tons/year P tons/yenr
Arens

Direct Indirect Direct Indirect Direct Indircct

Baltic proper 0.070 0.410 _1 _700 8 000 70 400

Belt Sen 0.045 0.400 1 100 8 000 40 410

About llnlf the sewnge is untrentcd and the rest prinary trentcd. Thc

surll~er tourisll is very conprehensive nnd influences thc constnl wnters to

sODe degree.

The water renewal outside the G.D.R. is good but sone local areas are

to a certain degree influnced by sewage pollution? viz. outside Rostock,

Stralsund und Wisnar.

There are no pipe-lines lending out sevmge into the sen.

Polnnd

_.. ___ ,, ___.. M_'_ . - -.- . "-' - .... -------------.----_._---- ----- -- -------- -.- --- ---.-_.. ----..···l-
Mill. ülhabi tnnts BOD

5
tons/yenr P tons/year

Arens -.----_._------- - -.----- ------------1---
Direct Indirect Direct Indirect Direct Indirect

Baltic proper 0.750 0.400 6 200 :; 600 750 400

Most sewege is untreated. The water exchange along the open Polish

coust is good und sewage pollution is considered to be restrictcd. SODe

local influence is known fron thc areas of Szczecin and Gdynia - Gdansk.

Ho pipe-lines exist. Because of thc inportance of thc coastal area for

touriSD it is intendcd tobuild Dore treatucnt plnnts.
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Swoden

Mille inhnbitnnts BOD
5

tons/yenr I P tons/ycnr
Arens

Direct Indircct Diroct Indiroct Direct Imliroct

Bothninn Bny 0.090 0.067 2 100 1 500 130 100

Bothninn Sen 0.255 0.145 5 900 3 200 380 200

Bnltic proper 1.125 0.700 18 500 4 500 1 700 1 000

Öresunc1 0.370 0.11 0 5 600 600 560 150

Knttcgnt 0.525 0.160 12 000 3 OOJ 790 200

As a whole?tho BOD5 SUD is Buch snaller thnn for industrial dischnrges.

Tho phophorus vnlues are high, nninly duc to the extensive use of synthetic

washing po~dors.

Tho following tnblo shows the nuobor of inhnbitnnts giving rise to

sewnge directly or indiroctly dischnrgod into the sen? nnd the porcentnge

of the inhnbitnnts connected to priuary treatnent plnnts or plnnts with

both prinnry nnd biologicnl trentuont. Tha cnlculntions nre Dada fron the

"Stntistics of uunicipnl wnter nnd trontnont plants" for 1966.

Aroo. Diroct discho.rgo Indiroct discho.rgo
A B C A B C

Bothnio.n Bay 90 000 20 % 67 000 15 % 2 d- 10

Bothnio.n Sea. 255 000 15 % 2 % J 45 000 30 % 3 %
J3altic proper 1 125 000 70 % 20 d .700 000 85 % 80 %/v

Örosund 370 000 50 01 45 % .110 000 95 % 90 01
/v />

Knttogo.t 525 000 25 % 20 % 160 000 45 % .20 cl.
IV

Sko.gernk 81 000 70 % 45 01. 24 000 50 % 10 %,0

Total 2 446 000 50 % 20 c1 1 206 000 70 % 60 %,0

A = nuobor of in..l-J.o.bi to.nts
B = o.pproxiunto percentnge of inhnbitnnts connocted to prinnry

trOo.tDont plnnts
C = npproxiunte porcontngo of inhnbitants connected to priuary +

biologicnl trontuont of vnrying dogroe

Frou the tnble it can bo seen thnt sewngo troo.tuent is better insido the

const. Thcre is n slow incrcnsc of thc nuubcr of trentnent plnnts also in

tho constal conuunitios. In tho inland n füw plants for chonical troatucnt

hnvo been built.

Owing to the ccuplexity of nnny po.rts of tho Swedish COo.st? tho wntor

exchango with the opon son uny bo Dore or less restrictod. Sewo.ge dischnrges
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thcrcfore influence marine life and fisheries in several local areas.

The largest polluted arüas are tho ~rchipelugos off StockholQ und Göte­

borg, und the Öresund.

Therc are, as yet, no lang pipe-lines currying out sewuge, but they

havc been discusscd in connection with the pollution problems of sone

comnunities , e.g. Stockholn and Götcborg. Because of the discussions con­

cerning the sensitivity of the B~ltic to pollution the Stockholm pipe­

line project will probably not be carried out.

U.S.S.R.

Mill. inhabitants BOD
5

tons/year P tons/year
Arcas

Direct Indirect Direct Indirect Diroct Indirect

Gulf of Fin- 4.290 0.247 107 000 6 200 4 300 250
land

Bnltic proper 1.330 0.535 33 000 13 400 1 300 540

liost newage is untrented or only primary treated. Thc influoncc of

treatment on the indirect dis charge in not cnlculated with abova. Tllerc­

fore the BOD
5

figures might bc 20-30 %lass.

Tho water exchange along the open coasts of the Lithuanian S.S.R. und

Latvian S.S.R. is sufficiently good. Thus sewage pollution does not hnve

uny accountnble influencc on the marine lifc. On the other hand the wuter

exchange in somo soni-enclosed boys is sODewhat restricted nnd sewage Day

have n negative influence on their biology. The largest polluted arens

are the Gulf of Finland nenr Leningrud und partiully the Bays of Tallinn,

Rign und Kura.

No pipe-linen for newage exist hitherto along the Baltic coust but

SODe are being pronpected in Pärnu, Rign and Tullinn. The sewnge water

will be treated nechnnically or biologically beforo entering thc pipü-

linen.

General

In Tablü 11 on page 28 thc sewage BOD
5

nnd phosphorus content figures

proviously given for the different countrios are sumnarized. A Dore

detailed discussion is postponcd until after thc chapter on industrial

pollution. Below are, however, Dentioned SODe facts concerning sewage



--- -- ------------

20

pollution in tho aroa we ure concerned with hore.

Thc quantities of sewage carried out into tho Bothnian Boy and the

Bothninn Sen are soall, those brought out into the Baltic proper, the Belt

Sea nnd the Kattegat are noderate. Those carried out into tho Bay of

Finland and tho Öresund are, however, big, duc ta dense population arenn,

especially the Leningrnd and Copenhagen-Iblnö regions.

]',10st of the directly dincharged sownge in not trented or undergoos only

prinnry (nechanical) trentnont. There are sone biologicnl trentnent

plants, but ns fnr ns is known no treatoont plant for chenicnl precipita­

tion of phosphorus conpounds, etc.,hns been built on nny of the consts. ­

In all countries nuch grontor efforts hnvo beon nado hithorto to ovoid

pollution of the inland waters.

In SODe of the countries pipe-linos nre constructed or plnnnod in order

to protect nenr shore aroas fron sownge pollution. It wan agreed that this

is goncrnlly not a goad way to dispose of oither sewnge or industrial wastes,

unIons thoy nre sufficiontly trentod. Evon if careful consideration is

paid to fishery, tho henvy lond of nutrients cnrriod out by pipelinen cnn

eventunlly influence tho conditions of such 0 closed nrea as the ono

concerned with in this report.

A nunber of nostly conntnl nroas are naro or less influenccd by newnge

brought out directly or indirectly often in conbinntion with sone local

industrial wastes.

Henvy organic lond, causing nnong other things reduced oxygen content

of the water, followed by changes in tho nnrine florn or fauna, have boen

rcported fron e.g. the fjords of Schloswig-Holstein (Kdndlor 1953, 1956),

the Bny of Lübock (Schulz 1968), the nrchipolngos of Stockholm (Croru~oln

1965), Turku (Tulkki 1964) nnd Holsinki (City Nnter Authoritios).

Even if there is no ronarknble oxygen decreaso sewnge pollution nny

contribute to chnnges anong tho organisn8. In tho honvily pollutod nrchi­

polngo off Göteborg there is n good oxygen supply but n thicle ßeuinent

Inycr contributos to n decreased nunber of hnrd-botton nninnls nnd tho

water turbidity 80008 to prevont the distribution of sone fish-8pccios, o.g.

Inbrides nnd Trisopterus (Gndu8) ninutus(Dybern 1969). In the Salle aren the

n~~bor of soft-botton spocies hns dccrcn8ed but the nunber of individunls

hns increasod (Andren, Nyholn &Olsson 1968).

In sevornl pnrts of the Örosund changes in tho bottorn faunn cnused by

pollution havo been estnblishod, o.g. an incronse of Cnpitellu cnpitntn

nnd other pollution indientor orgnnisns (Honriksson 1967). It hns not been

p088ible to show thnt fishes in general execpt perhnps hcrring nvoid tho

wntors of thc Sound (Rnege & Jensen 1967), but sone scientists consider tho

rcprouuctivo ability of none specics to bo rcduced. Tho fish population,

howovor, secns to be roplenishod, nninly fron tho Knttügnt.

Henvy bloons of narin nlgne, inuicnting pollution conditions, nro known
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to have occurred in sone of the coastal areas, e.g. in the Stockholn and

Helsinki regions.

Virus and bacteria ho.rnful to nan have been reportod fron sone plo.ces.

Aco.se of epideoic cnused by adeno-virus fron the Stockholo sewo.ge has

been described (Ko.llings 1961). In the wnter of the Öresund different

nieroorgo.nisns eausing epidcnies, as Salnonelln spp, have been shown to

survive for 0. considerable time (Bonde 1967). Saloonella-virus ho.s also

been shown in rather big quantities in the Puek nnd Gdansk Bays (Institute

of Nnvnl Medieine, Gdynia). All eountrics have hygienic eontrol of thc

contcnt of coliforn bactcria in bnthing wo.tcrs.

The anaerobic bactcriur~ Clostridium botulinun, type E, whieh nny be

eODL10n in sewage and which n~y render fish produets very toxie, ho.s been

found in both botton seuinents nnd fish of the Öresund (Johannsen 1963).

Other toxie nicro-organisns hnve not been reported.

INDUSTRIAL POLLUTION

Although easily put into the category of industrial pollution the

following itens are in the nain trcated sepnrately:

pollution by pes ti eides etc. ineluding nercury pollution

pollution by oil

pollution fron eleetrico.l power stntions

Donnnrk

Dennnrk ho.s n vo.rity of food industrics, (sugar works, dniry plnnts

nnd potnto-sto.rch industriesh nnd chcnicnl industries (herbicides, pesticidos,

drug-industrios and snaller paper nills). Thc nain pollutants brought out

into tho soa directly or indiroctly by rivers are oxygen-demnndinG no.tters,

heo.vy netals (Hg nnd others), cyanides, ehlorino.ted phenols etc. The BOD5
is high in several caseS. Thus the discharges of 0. drug industry ("enzy­

mes"), trented by a court in the Grant Bolt nrea, has bean estinated to be

2 000 tons BODS/ycar which equals nbout 2 %of thc estinated national

eontribution of seTIago BOD
5

•

No spocial efforts aro mo.de to lower tho BOD
5

• Toxic natters aro ro­

ducod to the levels derlanded by tho loco.l courts. Sone industries (sugar,

pulp and a few ehenical ones) lead out their wastes into the sea through

pipe-lines. These are usunlly shorter than 1 10.1.

The narine cnvironnent is considered to be uoderntely influenced by

industrial wastes nainly in thc Öresund, especinlly south of Copenhagen,

nnu in the northern pnrt of the Little Bolt.
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As fur as is known, no dumping of industrinl wastes oceurs inside the

territorial border. A few dumpings outside thc border seen to have occurred

during reeent tioes.

Federal Republic of Germany

The whole eoast on the Bnltie is very important.for tourism. Thercfore

very few industrinl plnnts are located to this aren. Most of those to bo

found are food industries und the reonining are paper oills, iron industry

and shipbuilding yards.

The wastes of the food industry und paper oills are partly treated und

those of the iran industry büth ~eehanically nnd biologieully treated. The

total BOD h is estimatod to 1000 tons/yenr in direct dischnrges. The influonee
J

of industrinl diseharges on the Darine environnent is, as a whole, very smnll

or negligible.

There hns been no recent dumping of industriul wastes into the Bnltie

waters.

Finlnnd

The prineipal industry eausing water pollution in the wood-proeessing

industry, especially the paper and pulp oills which have expanded consider­

ably during the last two decades. Although Dost polluted water araas are

situatod in tlle inland, where severnl lakas are heavily polluted tr~o is

a honvy dischnrge of wastes into the sen, tao, both direetly und in­

directly through rivers. Most pulp production was earlier based on tho

sulphite nothod, but during the expansive period thera has been n rapid

change towurds the sulphnto oethod. The pollution lond of the sulphato oills

is snuller nnd easier to keep under eontrol.

The figures in the tnble balow showing the organic load (oxpressed as

BOD
5

und P),discharged into the sea fron the Finnish industry, rafer

alnost axclusively to tho pnper and pulp industry. Big quantities of fibres

nnd other waste material are also disehnrged. The eonstal areas influenced

moat are in the regions of Kotka (Gulf of Finlund), Pori (Bothninn Sea)

and Oulu-Keoi (Bothnian Bny).
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BOD
5

tons/yenr
Areas

Diroct Indirect

Bothnian Bay 69 000 73 000

Bothnian Sea 25 000 8 000

Gulf of Finland 34 000 52 000

The difficult pollution problcos, especially concerning the inland

wntors, togethor with a wish to modernizc the pulp nills has favored

installa~ions of arrangements for fibre-separation, liquor evaporation and

a1eohol ferDentation, but mueh reonins to be done.

There are sone other kinds of industries, e.g. shipbuilding ynrds,

metallurgicnl and chemical industries, but they do not contribute very

Dueh to the pollution problems, exccpt, perhnps, some factories nnking

fertilizers, fron which, however, no suffieient dis charge data exist •

As far as is known, no dumping of industrinl waste oaterial oeeurs

insido or outside the territorial border.

Geroan Deooeratic Republie

The eonstal area of the G.D.R. is not so heavily industrinlized as

scvornl other parts of tho country. Shipbuilding yo.rds o.nd food industrios

(fiGh-proccssing o.nd sugo.r fo.etorics ete.) lio, o.s a rule, at the lower

pnrts of the rivers nnd nt the shallov/ inlets ealled "Bodden" nnd "Haffo".

The discharges from the food industrien have a heavy organic load. Thus

waste waters froD fish-processing faetories have an average content of about

4000 og BOD
5

per litro, (Vcntz & Zänger 1966), but only tho fish-proeessing

factory of Snssnitz, cqual to about 30 000 pcrson-equivalents, disehnrgos

directly into the Bnltic. Sone inner constal arens are locally polluted,

duc to other industries.

Trentncnt of industrial waste watcrs is genernlly eonbined with prinary

sewage treatnent. Part of it is untreated. The construction of better

treatment arrangements for both sewnge [lnd induRtrial waste wcters' iS.now

beinß ciscussed büoauso of thü grect ioportance cf the coastal area for '

touri::m.

No pipe-lines exist, nor is there any known dumping from ships inside

or outside the territorial bordüre
Po land

The Polish coastal area plnys an incroasing role for the econony of the

country. Although there are few industries hitherto (oainly shipbuilding
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yards and food-processing industries) construction of new ones is planncd.

The new industries will often belong to those using great quantities

of water in their production? e.g. paper and pulp mills.

The prosent influence on the marine environnent is considered to be

very moderate and arrangements will be made to keep the future situation

under control.

Some industrial wastcs reach the coastal area through the two biggest

rivers. It hns been observod that the migrntion of snlmon upstre~ tho

W1s1nis to a grent extent hindered? probably duc to some wastes cnusing

avoidance renctions or fish-death.

Pol~nd intonds to build a pipe-line which will carry out groat nraounts

of gypsun. It is being discussed nt present what procautions must be takon

to restrict the eventual influence on the environnent as much as possible.

As far as is known no duuping of industrinl wnstes occurs •

Sweden

Sweden is henvily industrinlized and the industrinl capacity is doubled

each 15-20 yenrs. There is a tendency for heavy industries to move towards

thc coasts.

Most industrial wastes (about 70 %) derive froll the forest industries?

such as paper mills? llcchanicnl nnd chenical pulp nills? fibre-boo.rd nnd

cellulose plants etc. Thera aro nbout 100 such fnctories sco.ttored along

tho whole const and outside many of then there is local or sonetines

even regional pollution? TIith more or loss pronounced danage to marine

life and fisheries. Tho following table shows the total discharge of

wastes? measured as BOD
5

and lignin at tho Swedish east coast(partly after

Bruneau):

BOD
5

lignin
Are:::-':J ton/year ton/yoar

Bothnian Bny 16 000 10 800

Bothnian Sea 350 000 639 600

Bnltic proper 50 000 66 600

Öresund 0 0

Kattegat 20 000 ?

The worst water pollution problems are caused by pulp industries using

the sulphite methode

Today there is a structural rationalizntion of most of the Swedish

papor and pulp industry towards fewer and bigger units. Thore is also
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strang pressure fron the nuthoritics to persunde the industries to build

effectivo treatment arrangements in order to-decrense the pollution effoct

- ns is nlso the ense in Finland. It is considered thnt the highest

llpollution peakll hns beon overcone and that in the future there will bc 0.

slow but stendy inprovenent of the pollution situntion. To this eontributüs

also 0. certo.in change frora tho sulphite to tha sulphato nethod.

Thore o.re nany othor kinds of industries situnted o.t the COo.st, or

ulonß rivers debouching into thc sen, which cause pollution probleDs but,

as n whole, to a sranller extent than the forest industry. These industries

includo nany neto.llurgical plcnts, food-processing und chenical factories

including those unking plastic uaterio.ls. Tho controlling power oxerciscd

upon thon is generally strong, but so-co.lled aecidents ure conmon, sooc­

tines causing fish dcath und other dnmage to the environnent. Thore is

eertninly also 0. slow leaknge into the sen of vory sranll, oaro or less

undetectnblo, quantities of different toxic substanccs. Frora sone indust­

ries very toxic polychlorinntcd biphenyls (PCB) are releascd. Thnnks to

iuprovcd ncthods of analysis of chlorinated hydrocarbons (Janson 1968) it

has rcccntly been ShO\Vll thnt PCB conpounds oay be nccuoulatad to high

conccntrations in fish, fish-oo.ting birds und soals in tho Baltic, far

away fron land (Jensen, Johnels, Olsson & Ottorlind 1969).

For nuny yenrs, considcrablo nnounts of ncrcury have been raloased fron

certo.in industries, ospocially those no.king bIenching powder for the pnper­

o.nd pulp industry (the "chlor-alkali fnctories"). This, tagether with

ncrcury fron other sources, has in somo regions eaused high Hg-concentra­

tions in nquatic orgnnisns. The mercury probIen will be further trentod in

connection with pcsticidcs.

Dunpings of industrial wo.stes o.re lOlown in sevornl easos, both fron the

territorial waters and outside. Hore are sooo cases, known to the authori­

tios (after HUlt):

In 1930-31 7 600 tons raw arsenie, mixed with concrete, were duoped

into the Bothnian Bny. During 1931 another 310 tons raw arsenic were duwped

without special packing. Biß qunntities of oercury-containing waste

products hnve been duoped just outside the territorial border off Sunds­

vall, Bothnian Sea. In this area trawl fishery beean in 1962 and since

thon several barrels hnve been found by fisheroan. Different kinds of

wastes containine ocrcury, certain catalysts, which Dust be stored under

w~ter, and other waste pro~ucts havo been durlped in iron-sheet bo.rrels

into the waters oouth of Stockholo. During the enrly 50's industrinl

westes containing sulphuric and hydrochloric acid nnd probably chromium

coopounds were dunpod off the central Bnltic const. Old co.rs soeo to hnvo

been uuoped at lenst onee into the Lnndsort Deep. Industrinl and military

wastes of different kinds havo also bean dw~pod into the doep parts of the

Skagerak o.nd in so~e coastal pnrts of the Bnltic.
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Evidcntly much more dumping has occurreu and occurs without the authori­

ties being informed of it.

Pipe-lineE are built from some of thc pulp-mills.

U.S.S.R

Thc mnin kinds of industries discharging wnstes directly into thc

Bnltic arc paper and pulp mills, shipbuiluing yards, food and fertilizer

fnctaries nnd the eil shnle ("burning stone") industry of Estonia.

Thc following table shows thc estimntcd BaDS for wnstes directly or

indircctly dischnrged into thc sen from the industry of thc Bnltic area.

BaDS tono/yonr
Areas

Dircct Indircct

Gulf of Finlnnd 51 000 6 000

Bnltic proper 37 000 13 000

Only very littlc of thc industrinl discharge unucrgoes (primnry) treat­

ment and it influences the marine environment ospecially in thc austern

part of the Gulf of Finlnnd nnd the Bnys of Tnllinn, Rign and Kurn.

It is intended to provide nost industries with treatment plnnts in

tho near future.

No pipc-lines for industrinl dischargc cxist. As far aS is known no

recent dumping from ships has occurrcd •

Genernl

In Table IIr, page 29 an attenpt is made to cstinate the totnl BaDS of

industrinl wastes discharged into thc sen aren under consideration. This

will be discussed in connection with sewnge BOD
5

•

Thc constal waters of nll ountries around thc sen aren nre contnninnted

with industrial wnstes, often in combinntion with sewnge. Thc worst prob­

lems seem, however, to nffect the coasts of Sweden nnd pnrtly the consts

of Finland, to a grent cxtont depending on the henvy paper nnd pulp

industries, while the problaDs especially in the two Germnn States and

Polnnd are considered to be of minor importnnce.

In most countries there is, for differont reasons, n more or less

pronounced trend to incrense industrinlizntion of the constnl areas.

Wastes frem the cellulose industry contnin many substances influencing
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the marine environment. Tho followine table (Vasseur 1966) exemplifios

the eonstituents of sulphite liquor by using spruee wood:

•

Component

Lignosulfonie ncids
Resins etc.
Hexoscs
Pentoncs
Acctic ncid, Formic acid
Sugar acids ete.
1\.sh

Lignonulfonie acids, furfural ete.
Hexosos
Pentosen
hcetic acid, nlcohol
Innediate oxygen demand (S02)

~~ dry %total

substanee EOD

55
3

14
6
5
7

10

13
42
21
13
11

•

Liquors from pulp industries aro toxic nnd dark-colored and uny bo

inhibitory to tho assimilation process. The break-down of organic untorial

docroases the oxygon content of.thc wnter. Fish ean be tnintcd by some of

thü conpononts (Hasselrot 1964). Sulphite liquor m..V ccntnin elxut half the

oriGinal qunntity of wood in solution, the break-down of which oquals

200-500 kg EOD
5
/ton produced pulp.

Fibren from different kinds of cellulose industries nre often dis-

charged in big qunntities. They accUDulate on thc bottorn, suffocatine the

bottOLl life and aestroying fish-spawning grounds. The break-down of tho

fibres nlso contributes to the docrease of the oxygen eontent of the water.

There are sevoral exanples of this frou the Swodish eoast.

In both Finlnnd and Swedon thora is a move towards increnscd treatuont

of~otes from the cellulose industry. Sone of the liqour substances can

todny be brought back into production. The rest, obtnined by, e.g.,

evaporation, has to bc neutralized in other ways, for instaneo, by burning.

Eut this eauses other problems, such as air pollution.

Toxic nubstnnees frou other kinds of industries, e.g. hoavy metals,

cyan compounds, POß, phenols und others, may be dangerous in the lone run,

even though they nre dischargod in very snnll quantities. This in especially

true of such nluost undcstruetible eompounds such as FCE. Some subntanees

enn be presorved through the capacity of organinns to aceunulnte then

and even to transforr.l loss toxic eompounds into more toxie onos. Certnin

substances aro also known to aet as catnlysts, thus inereasing the taxicity

of others. The Swedish PCE invostigntions show thnt toxie substances eun

be met with in tho open noa, brought thoro by organislls or wnter currents.

In eonnoction with industrinl pollution also the transfer of pollutnnts
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fron thc nir to thc wnter wns discussed.

Different sulphur conpounus seen to bc tho lnrgest cooponent in uir

pollution. They ure hnrdly expected to influence the nurine environnent

to uny grent extent. It is, however, known thut consideruble unounts of

other sUbstnnces, contuining hcavy metals li1ce mcrcury, phosphorus coo­

pounds nnd chlorinated hydrocarbons are also carried through the air fron

industrinl contres in Europc and oay fall down into thc Baltic wators with

rain, snow or dust clouds. It is belioved thnt part of the PCB found in

different offshore organisos ure brought there by the uir.

DQ~ping of innustrinl wastes is gener~lly avoided inside thc terri­

torial bordcrs. Most dQ~ping into tho open sen s~ens to have been made

fron SITeden. After World Wnr 11 considerable duopings of Gernnn wnr

mnterial were carried out into thc Bornholo basin and other parts of thc

Bnltic. Mustard Gns containers have sprend to different parts of the

Bnltic nnd hnve even been found driven nshore. As late ns the SUDDer of

1969 some Danish fishernen in the Bornholn nren were injured by mustnrd

Gas, contuninnting their trnwls.

As n whole, there is now n trend in all Bnltic countries to strongthen

the control of industrinl pollution, in the first hand in the coastnl

nrcns, but in the long run nlso in the open sen.

BOD
5

AlID PHOSPHORUS

Tnble 11 sunoarizes the BOD
5

nnd phosphorus content fiGures previously

givcn for the different countries concerning direct and indirect Sewnge

discharge rcspectivoly.

Mill. inhabitnnts BOD
5

tons/yoar P tons/year
Arcns

Direct Indirect Direct Indirect Diroct Intlirect

Bothninn Bny 0.230 0.167 5 600 4 500 290 220

Bothnic.n Son. 0.565 0.495 13 650 12 200 780 600

Gulf of Finland 4.. 868 0.797 121 450 19 200 5 050 870

B.'lltic proper 3.335 2.065 60 9JO 30 000 3 880 2 370

Baltic Sen 8.998 3.524 201· 600 6' 900 9 760 4 060

Belt Sea 1.195 2.600 40 100 21 000 1 240 2 800

Öresunc.1 1.770 0.310 40 600 2 600 1 960 350

Kntteg.'lt 0.625 0.360 16 000 5 000 890 400
,-

Total 12.588 6.794 298 300 94 500 1 :3 8~0 7 610

Table 11.
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In Table 111 is estimated the industrial BOD • It has in this ease been

5
impossible to distinguish betwcen direet anel inelireet diseharge.

BOD
5

tons/year
Areas

Diroet + Indireet

Bothnian Bay 160 000

Bothnian Sea 390 000

Gulf 01' Finlnnd 140 000

Bnltie proper 120 000

Ba.ltic Sen 810 000

Belt Sen (10 000

Öresuncl (10 000

Kattcga.t *'-, 20 000

Total N850 000

Tnblc 111

All figures in Tables 11 and 111 aro, 01' course, approximations. Ncvcr­

thclcss thcy givc some hints 01' thc pollution canditions in thc sen arao.s

concerncd.

As to BOD
S

' a comparison between the figurcs for sewage and industrial

discha.rßo shows that the Bothnian Bay and thc Bothnian Sea arc Duch more

influencod by industrial wastes than by sowago. In thc Gulf 01' Finland, thc

Bnltic proper nnd thc Kattegat the influcnce is about fifty-fifty. The Belt

Soa and the Öresund a.re influcnced nost by scwnge.

I~ast 01' the phasphorus compounus dischargcd derivc fron sewage but n

minar part comes fron industrial plnnts. A rough estination, according to

Finnish figures, suggosts that this part lies within 10-30 %01' tho total

sumo Sinee thus only ratllcr snall nnounts dorive fron industry, Dost 01'

tho phosphorus is dischargcd wherc thc population density is highest, vize

nround the Gulf 01' Finlnnd, nnny parts 01' thc Bnltic proper, thc Bclt Scn,

thc Örosund and the Kattega.t.

As mentioned boforc, tllC phosphorus figuros have been caleulatod fron

the basic nssunption that thc person equivalent is 1.0 kg/year. For sone

countries the figura is higher ::md, furthor....-noro, the figuros for all

countries are successivcly increasing. In Swcucn it is thus ostinatcd that

scwagc wastes 10-15 ycars ago containcd about 1.5 g P/person and day ngainst

about 4.0 g today. This incrcase dcpcnds nainly on tho increasing uso of

synthctic uetcrgents, cspccinlly wnshing powdcrs. A sioilnr incrcnsc is

shown for other countries and also thc incrensed uso of certain fcrtilizors

in thc o.griculture is in saue countries 01' iuportance in this connection.
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As seen in Tnblc 11 thc totnl phosphorus supply fron scwngc nnd

industries into the Bnltic (cxcl~ding thc Belt Sen, the Öresund nnd the

Knttegnt) is estinnted nt nbout 21· 000 tons/yco.r. This estinnte may be

rnther high.

Vnlcn evnlunting thc total ODount of phosphorus co.rricd out into thc

Bnltic Sen we DUSt add to thc 21 000 tons (1) air-borne P, (2) no.tural P

cnrried out by rivers, etc., nnd (3) the P content of thc inflowing suline

wntcr.

Oden (Fonselius 1969) estioutes the quuntity of nir-borne P to bc

3000 tons/yenr. Sone other sciuntists find this value too high.

According to Fcdosov & Znitsev (1959) thc natural P nnounts ta 3 400

tons/year. Thc nuthors da not, however, nention whether sewnge cantaninntion

is included in this figure or not.

The inflowing qunntity (through the entrnncc sounds) is estionted by

Fonselius (1969) to be 6 100 tons/ycar, while Voipio (1969) considcrs

it to be very sonll, only nbout one tenth of Fonsclius' figura •

If tlle highest above-oentioncd figures of cnrried out P nre correct

tho totnl SUD io 33 000 n 34 000 tons/yenr. The surplus P is obtnined if

v/e fron the SUD drnw the outflow of P through thc entrnnce sounds. This

outflow is ostinated by Fonselius (op.cit.) to be 7 600 tons/ycnr und by

Voipio (op.cit.) to bo 10 000 tons/yenr.

According to the highest estimntions thus 0. surplus of nbout 28 000 tons

P/yeo.r reoains kept in thc Bnltic Sen, whilo nccording to tho lowcst cstiuu­

tions there rcuains bctween10 000 nnd 15 000 tons/ycnr.

Thc Working Group considers it to be nn urgent ncod for further

studics on the Bnltic phosphorus balance, especinlly on thc P exchnnge

betwecn the watcr nnd the botton sediuents in different parts of the Baltic

o.ren und between the Bnltic and tho soo. outside it, ns woll o.s on thc ex­

Change bctwecn thc cousto.l wntprs and the open sone

Of the totnl BOD
5

of nb out 1240 000 tons/ycnr for thc whole nrea

590 000 tons/yenr fnll upon the Bothninn Sen nnd thc Bothninn Buy. Here we

also find nnny of the worst pollutcd coastnl arens, cspecinlly on the

Swodish side. The opon parts of this sen aren gencrnlly hnve n good wo.tcr

circulntion, both horizonto.lly nnd vcrticnlly. This rcduccs Dost influencc

of pollution on the open scn. The smnll phosphorus supply is considered to

be of o.lnost no inportance.

Thc BOD
5

of w~ste wntcrs brought out into thc Gulf cf Finlnnd is hieher

tbD.nthnt of Bnltic proper nnd in e~~ß:s~lSO thc phosphorus supply plnys an

ioportunt role. Thcre are scvernl exnoples on heavy coastul pollution, and

also thc open sec nrens nny be somewhnt influcnced. Thc rcnultn of invcoti-

gntions by ~ncrn (Cronholn, & 0.1. 1969) thus show increnscd vnlues for

totnlphosphorus in tho Gurfnco wator fron Stockholu through thc o.rchipclago

townrd thc open sec.
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As pointcd out in the hydrographie ehapter the nutr1ent content of

thc surfnco water of tho opon Bnltic is rnthor low conpnred with tho

concontrntions found in, for instance, the North Sen. In places with

a suffieicnt wnter eireulation nn inereased nutrient supply n2y thoro-

fore have n benofiecnt influence on the produetivity nnd fishory. The good

rosults of the horring fishcry in thc Bny of Rign (Lishov 1966) nny thus

pcrhnps bo eonnected with thc rieh supply of nutrients frOll the surrounding

lnnd (Otterlind 1969). The specinl hydrographie eonditions of the Bnltic

deep bnsins, however, unke thern very sensitive to incrensed nutrient

supply fron tho surfnee lnyers.

In tho Öresund the orthophosphnte vnlues nre highcr thnn those of thc

open Baltie and Knttegnt, nnd orthophosphnto seous to be necUDulnted fron

the southcrn to the northcrn part (Vnllin 1968). Wnern has shown an incrensc

of the surfnce-wnter vnlues for total-phosphorus in the Öresund. Tho vnlues

slowly deeronse northwnrds nlong thc Swcdish Knttcgnt-const, to ineronse

ngnin outside Göteborg (Wnter nuthoritics of Göteborg, 1968).

It is bclieved by sone scicntists, but not yet proved, thnt n slight

dccrense of the oxygcn vnlucs of the Knttegnt dccp wnter obsorved rocently

(Corin, Fonselius & Svunsson 1969) dopends on too hcnvy n supply of orgnnic

!lntter through pollution.

To sUDllarize: pollution, dcscribed in terus o~ BOD
5

nnd phosphorus

valucs, nogntively nffucts scvernl constnl nrens. In so~o cnses the pollu­

tion influcnces stretches n beyond the constnl zones, u.g. in thc Örosund,

the Li:ttlc Belt, thc Rign nnel Loningrnd regions.

Even though nore biologicnl trentnent plnnts were nlong tho cousts,

both for sewnge nnd for industrinl wnstes, und thc BOD5 figures kopt in

check, vcry ~ew or nono of tho plnnts soon to be providcd with nrrnnge!lcnts

~or phosphorus precipitntion. If nothing else hnppens it nust bo oxpected

~ thnt the phosphorus diochnrge into tho son will continuo to incrensc.

Attc!lpts hnvo been nado, it is true, to olininnto sono of the phosphorus

conpounds fron washing-powders, anong other things by conpensnting for

thon with other chenicnl conpounds, such as nitrilotri-ncotic ncid (NTA).

These nttenpts hnve, howover, not yot proved to bo very successful, as

shovrn by investigntions in thc Fcdornl Ropublic of Gormnny, but Swedish

scientists seOn to bc rnther optimistic. Illustrntive for thc situntion in

Sweden is thc rccent inercD.so of thc phosphorus content of n cortnin

va.slling-powdor from 28 to 52 %, in spite Of tho fnct thnt tho mnkcrs of

the powdcr nre represcntcd on a eonnittee working to lowor the phosphorus

contont Of synthetic elotcrgents.
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PESTICIDES ETC.

DDT and nercury pollution are trented separately.

The use of pesticides in agriculture, horticulture, forestry and sone

industries, e.g. textile-industries, is COODon in all countries. Espocially

in Swedon and Finlnnd SOIJe pesticides have been extensively used in the

paper and pulp industry.

Thore is a wide range of sUbstances, both inorganic and organic, used

in the Baltic area. Accidento causing fish-death or other druoage to tho

watcr environment are known froll the fresh,1aters of all the countries.

Considerable efforts are being made üverywherc to gct the situation undcr

control, in accordance with the existing lcgislation.

In Denmnrk pesticidcs are supposed to be discharged into the sea partly

fron industries, pnrtly indircctly in connection with their extensive use

in ngriculture. Chlorinated phenols from the weedkillcr industry have proved

hnrDful to marine life (Boütius 1954). Thore are alnost no figures for the

content of pesticides in the coastnl waters, but investigations are plnnned.

The influcnce of pesticidcs on the constnl wnters of the Federnl Re­

public of Gernany is considercd to be very sonll. According to a special

law, the use of several common conpounds (e.g. nldrine~ chlordnne, uieldrine,

endrine and heptachlor) is forbidden in connection with plant food-stuffs

(Bundesgesetzblatt Teil I, 1966, p. 667-675).

In Finland the contents of sone pesticidcs in the water of scvoral

rivers debouching into the sea have reccntly been invcstignted. Thc con­

centrntions were, however, under the detoction linit. Of sono or tho 14

coopounds studied the results were as folIows:

• DDT

DDE

Dicldrine

Lindnne

Parathion

Malathion

<2 x 10-6 ppo

<1 x 10-6 il

<5 x 10-7 11

<5 x 10-7 11

<5 x 10-7 11

<1 x 10-6
"

No noasurcnünts on sea wnter nor marine organisos have been carried out.

Juuging fron thc abovc-ncntioned rcsults the influence of pesticides on the

coastn1 wators is thought to be very son11.

No inveotigations on the pes ti eide eontcnt of the constal wnters of thc

Gernnn Denocrntic Repub1ic and Po1nnd Ilnve been carried out. Inf1uenco on

the narine environment io considcred to bc vcry snal1, but the Po1ish

rcproscntntives ndnittod thnt posticiuos Dny be cnrried out but only by
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thc onin rivers.

In Sweden an extensive use of pesticides has caused considerable

dm1agc. In 1964 ca 700 substanccs were in uso, together naking ca 2 400

tons (Wase 1968). By special regulations the nunber has been reduced

but pesticides are still usod in excess in mnny connections. An uw:nown

quantity is carried into thc sea by rivers and air, and investigations

have beon started to estinato this. Pesticide rosidues of various kinds

have, however, alroady been denonstrated in coastal waters. Recently,

for instance, the content of dieldrine was found to be so hieh in fish of

tho river Viskan, runninG into the northern Kattegat, that the lower part

of it and a sea area outside had to be declared a prohibited fishing-area.

This and other accidents heve rapidly brought about prohibition of the

use of aldrine, dioldrine and, partly, lindane fron 1 January, 1970.

The use of posticides in the Baltic aren of the U.S.S.R •• - especially

in tho Estonian S.S.R. - is about 0.8 kg per person and year (Sinson,

... Lutsoju, Ilnojn & Ditrich, 19GO).Fron 1968 the use of severnl chlor­

orgnnic compounds has been stopped. No special investigations on the pesti­

cide content of thc Baltic coastal waters have been nade, but it is nssuoed

to be snall.

DDT

DDT is perhups the nost wide-spread püsticide and there secms to bü no

part of tho world not infestüd by it. Thc dunger of too hoavy n uso is

clearly denonstratüd in nany investigations. DDT has been used in all

Baltic countries, but not so üxtensively as in nany other parts of thc

world.

An extensive investigation is being carried out concerning tho content

of DDT, DDE and DDD in nusseIs, fish, fish-eating sea-birds and seals fron

the Swedish west and east consts (prelininary results are published by

Jensen, Johnels, Olsson & Ottorling 1969). Thc following tablo sunnarizes

tho avcrage content in ppn of ~DDT (DDT, DDD and DDE) and DDT found in the

fat of sone of these nninals:
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Off Swedish Öresund nnd Stockholn
Speeies west eonst Bnltie proper nrehipelngo

~DDT DDT ~DDT DDT <DDT DDT

T.1ytilus cc1ulis '1 '0.6 '6 1.8 3 1
(0.4-5) (0.3-1 .3) (0.9-10) (0.5-2.9) (1-4.7) (1-1.S)

Pleuroneetes 1 not esti- 2.7 2.1
plntessn (0.9-2) no.ted (1.4-7.8) (0.6-7.2)
Gndus norrhua 1 not esti- 19 9.8

(0.6-2) nntod (12-31) (3.5-19)
Clupen harengus 17 '9.7 7.7 3.9

(4.1-37) (1.5-21 ) (4.3-11) (2.0-5.3 )
Urin nnlge 570 20

( og'Js ) (300- (7.5-38)
790)

Hnlic.ötus o.lbi- 25 000 not <1e-
eillo., peetoro.l (16 000- teete<1

m.usele 36 000)
Tho somo, 1 900 not de-
brain (1 700- tecto<1

2 100)
lbliehoerus 130 62
gryou.E, (110- (57-66)

150)

Although the somples were small, sonetines of only 3-4 indivi<1uals,

thore soons to be an obvious tendency for the concentrntions of DDT to be

higher in the Bo.ltic thnn off the Swedish west const. Since DDT is ~uch

more easily dissolved in fnt the concentrntions in museIe tissuc of the

so.me nnimo.ls were much lower, but the SruDe general trend to higher aDounts

in the Bo.ltic nnimo.ls is shown.

According to the cited work thc DDT concontrations in seals fron the

Baltic seem to ba up to 10 times o.s high o.s reported fram. North Seo. seals

and soals fro~ tho COo.st of Co.nado.. The concentration i Guillomot eggs is

likowise severo.l times higher thnn thoso rcporte<1 for the so.me species o.t

the British 1810s. Thc Swedish Guillemots live neo.r thc islo.nd Gotlo.nd in

tho mi<1dle of tho Baltie.

As mentioned bofore, the PCB content of marine orgnnism8 is high in

fishes, seo.-birds nnd seals fron the Bo.ltie. Sinee many of thc nninnls

investigo.tcd were co.ught in tho open seo. thore must thus be 0. transport cf

pesticides o.nd other taxie substo.nees from Innd to the open soo.. Thc wo.ter

exchange between the Bo.ltic proper nnd tho North Soo. is ro.thor slow o.nd

mo.ny of thc substo.ncos no.y be expoeted to stny in the Bo.ltic for 0. con­

siderablo tiDe, espocio.lly thoso v/hich are very slowly broken down. This

makos it possible for marine orgo.nisns to eoneontrate them. to high, mo.ybo
deletorious eonecntrntions.

DDT in found in the air. It is known thnt the break-down of plo.nktion
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organisns Day give rise to a very thin surfnce film of fat. Since DDT is

easily dissolved in fat it might be expeeted thnt at least part of the DDT

in tho Baltie dorives from air-borne DDT. Fron the surfuce filn it cun be

curried downwnrds by wuter turbulenee ete., uffecting primury produe­

tion. Wurster (1968) has shown thnt the possibility of photo-synthesis in

certuin planktonic ulgae is greatly influenced even by very small nuounts

of DDT.

Recent investigutions in Cnnadu havc shown thut sublcthul DDT in such

nonnIl quantity as 20 ppb in 24 hours nffects the leurning ubility of

braok trout (ICES Fish. Inpr. Conn., Adn.Rep., 1969) Although this result

is fron freehwntcr investigntions und therefore not directly upplienble to

nurine fish, it gives anothcr hint of tho very graut sensitivity of nnimnls

to DDT •.

Aceunulntion experimente on marine fiehes have been sturteu in Dcn­

nark und the Federal Rcpublie of Gernany.

The uso of DDT in households and gurdens will bo prohibitüd in Sweden

frou 1 January, 1970. All other use will be prohibited by way of experi­

Dent for two years froD tho sune dato. Since 1968 DDT is not used in thc

U.S.S.R. and will bc partly forbidden in Denmark fron 1 November 1969.

I1ercury

Mercury compounds are used as pesticides in the ngriculture of sone

countries. In Sweden and Finland they have also been widely used as

fungieides and slinecides in the paper und pulp industry. Mercury-containing

wustes also derive fron a lot of industries, fron the burning of household

waste, e.g. paper, und other sourees.

Som of the mereury wastes ure in theusolves toxie to organisns, others

nay bo transforned by orgnnisns to be noro toxie than from the beginning.

Like Dany other industrial wastes und posticides nercury conpounds tend to

neeUllulate in living bodies nnd botton sedinents.

Swodon has an extensive research programoe concerning Dercury. Sovoral

steps have also been taken to reduce the disehnrge of nereury-containing

wastes into the natural environnent. Thus the use of nereury in agrieulturo

has decreased considerably and nost of its uso in the paper and pulp

industry is or will be forbidden. Efforts are also being nade to bring down

the discharges fron the chlor-alkali factories.

However, considerable mlounts of Dercury are already nccUDulatcd in

nature. Tho eoneentrntions in fish frau nany inland and constal waters are

so hieh that these nreas have beon doclared prohibited fishing-arens, which
r~onns thnt fish Duot noithar bc oold nor bo givcn to other paroons as gifts.

~Ihe fioherI.1nn hil1self is, however, o.llowcd to ent the fish nt his mvn risk.
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The threshold value lies nt 1 ~g Hg/kg wet weight.fish. About a dozen of

the prohibited areas are coastal arens (c.f., e.g., Löfroth 1969).

In Finland the problcns are very Buch thc sane as in Sweden, but

fishing is not prohibited in eny areas as yet, although the nercury content

has been found to be high in sone cases (Häsänen & Sjöblon 1968). Attenpts

are, however, being nade to elininate thc discharge of nercury conpounds

as nuch as possible in the snne way as in S~eden.

Also in Dennark high nercury concentrations heve recently been

deDonstro.ted in sone Darine fishes in the Öresund aren (Do.lgaard-IIikkelsen

1969) •

Hitherto it seens as if ~ercury pollution, o.s a whole, is Dorn restric­

ted to certain coastal areo.s than is DDT anu peB pollution. The results of

investigations carried out in the Federal Republic of Gernany on old cod

fron thc open sea waters of the Bo.ltic proper did not give evidence of a

higher nercury content than is considerüd to be natural.

Since the use of nercury is now to a grünt extent forbidden thc Finnish

and Swedish paper o.nu pulp industries have introduced new pcsticides. At

least one of these has been in comnon use? vize penta-chlor phenol (and

also closely relo.ted conpounds). Unfortunately these conpounds have been

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

OlL POLLUTION

Denno.rk

Oil pollution fron ships is a pernanent but ninor problen. One off

shore accident, through wrecking of 0. ship, is known fron the Knttcgat.

Dem~ark has 4 refincries? on the coasts of the Bolts end thc Örcsund.

Thore are several snall industries using oil-derivatiycs.

The danage co.usod by oil-discharges has been snall, mainly affccting

harbour waters and nearby bo.thing beaches and to 0. eertain extent sca-bird

life. There seeDS to have been little influenee on the extensive loeal

fishery, but in sone cases bad tainting of fish by phenols and sinilar

substanees have been noted.

Oil has sonetines been renoved fron the surfnee by sinking, but sol­

vent-enulsifiers now seen to be mostly used.

Fedornl Republic of Gerrlany

Therc ho.vc been sone snall oil-diseho.rges in the Bight of Kiel, but,

as a whole, oil is no problen in this area in eontrast to the Ger~an North
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Sea coast.

No refineries are situated on the Baltic coast.

Renoval of oil has been by means of different nethods, such as sinking,

collecting with floating absorbent materials, burning and euulsifying.

Much research workhasbeen nade on the toxicity of different solvent­

cmulsifiers, e.g. by Rosenthal & Gunkel (1967) and Kühl & Mann (1967).

Oil-degradating bacteria have been studied by Wallhäuscr (1967), Gunkel

(1967) and Gunkel & Trekel (1967). Organoleptic investigations are COnliOn

anJ thc effects on the flavour of marine anu freshwater fish caused by

oil and oil-derivates huve been dcscribcd,e.g. by Mann (1965 etc.).

Studios on the influence of oil on thc development of fish eggs are going

on.

Finland

Oil pollution occurs uainly in harbours and is nostly of local in­

portancc. Soue acciacnts are knovvn fromthe open sea, c.g. in the Quark

area in 1968 and neo.r Alo.nd in :May 1969.

Two refineries exist; no serious o.ccidents from these are lcnown.

As yct there is very littlo industry based on oil-derivates.

Oil is destroyed by various means. Ashore-floating oil frou the Aland

o.ccident was partly treated with emulsifiers, and partly burnt, vnlich

caused anmage to the sea birds and shore-life of nany small islands.

Gernan Deoocratic Republic

Oil pollution fron ships nay locally influcnce the waters of the har-

borus. No refineries are built on thc coast.

Poland

pil pol~ution in Polish coastal waters is incr?asing. Most of it is

considered to reach thc coast from the open BaItic. Polluti"on of local

origin occurs in the docks of shipbuildinc yards.

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

pollution abatement is being carried out in the coastal area.

Sweden

The inport of oil to Swcden is considerable. Many harbours have big



38

bunl~cr-installntions and several refincrics are situnted along the coast.

Oil pollution is a rather serious problen. During 1968 125 dischargcs

fron ships (c. 80 onthe west coast) are lanown to have occurrcd in the

coastal area. They derived fron both cargo ships and tankers. Most of thon

ITcre rather soall but togcthcr they caused considerable trouble and dmlage

to bathing beuches? fishing gear and narine life? ospecially sen-birds.

One of tho bigger dischnrges wns cnused by a tanker running aßround in thc

archipelngo off Stockholn. A sinilar accident with a very biß tanker

outside Göteborg did not? fortunately, cause daoagc. In May 1969 a tankox'

of 71 000 tons collided in a thick fog with a c8~30 ship off thc south

coast of Swedcn. Thc tanker carried 70 000 tons of crude oil. Fortunntcly

only 1000 n 3 bunker oil leaked out, otherwise a catastrophe sinilar to

tho fanaus Torrcy Canyon accident would havc occurred.

Oil is renoved by different neans but nethods are under developnent

to collect it by Deans of floating absorbonts or booos und to pUDp it into

special vessels.

The nunber of industries bascd on oil-derivates is growing, but 1

gcncrally speaking?very careful precnutions nust be tnken not to influence

the water environnent. They are, howcver? pernitted to release snall

nnounts of a largo nunber of substances.

Sone investigations on the resistance of cod to glycol and tensides

have beon nade (Swednark 1968).

U.S.S.R.

Oil pollution is locnted nainly to hnrbour arens. In thc near future

all U.S.S.R. harbours will be supplied with special installations for

waste oil fron ships and other sources.

1/0 tanker accidents are kno\vn fron thc open sen nenr the Baltic coast.

there are no refineries in thc constnl aren. Thora are sone oil-pollution

problens outside places.whore oil shale is exploited ( t1 burning stone")

e.g. in castern Estonia.

The results of investigntions by Hironov & Lnnskayn (1966) show that

narine algae nre vcry sensitive to oil and oil-products? which nny causo

thc death of the nlgae or a retardation in eoll-division. It is also shown

thnt dovoloping eggs of Rhoubus nneoticus aro vcry sensitive to oil de­

rivates (Mironov 1968).

Genoral

All eountrics but tho Gernnn Dcuoeratic Republie nnd thc U.S.S.R. have
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rntificd tho London Oil Pollution Convention (1954 etci)~ According to

this Convention the whole area considered is a prohibited zone. Thc

U.S.S.R. han a special 50-Diles regulation and the G.D.R. hns specinl

regulntions in nccordancc with tho Convüntion.

Liost tanker-routes go to Dnnish, Swedish und Finnish harbours •. Most biS

oil-pollution nccidents occur on these routes nnd there is n narked

tenJency for oil pollution to incronse both in the constnl areas and on

the open sen. There is also n tendency for thc tnnkers to get biggcr. Thus

Finland is now building two tnnkers of nbout 105 000 tons. This size is

slightly below whnt is possible to tnke into the Bnltic proper.

In SODe of thc Bnltic hnrbours specinl instnllations for collecting

oil waste have been erected. They nre, however, too few and often too

expensive to be used by unny ships.

It was ngrecd thnt the Bnltic nren is a very sensitive one and thnt a

few disnsters likc the Torrey Cnnyon nccident outside southern Englnnd in

Mnrch 1967 could nnnihilnte the Darine .lifo nnd fisheries.

At n oeeting in Visby in Septenber 1969 officinl roprosentntives

fron nIl Bnltic countries ngreed in finding it necessary to increase the

prcpnredness nS to oil pollution nbatcncnt in the Bnltic nrea, nnong

othor things through international cooperation.

WARlI WATER POLLUTIOn

Pollution caused by cooling water fron clectrical power stations

using fossil or atonie fuel is, as a whole, of no ioportnnce in the area

wc are concerned with here. Thc existing power stations, Dainly using

fossil fuel, nre relatively snnll and the influence on their recipients is

very loeal and eun Dostly bc ignored.

In the future, however, Duny very big nuclcar power stations will be

built. Swcden, for instnnce, is plnnning to build 10-12, ench with a capn­

city of cn 3000 lYlY/, nlong tho coast in thc next 25 yenrs. Each of these

power stations will dischnrge o. 150 D3/sec., about 10
0

C wurDer thnn that

of thc rccipiont. This qunntity roughly corrosponds to the average flow

of a norDnl Swedish river. Sioilnr nucloar powor stations aro also planncd

in other urens, o.g. nt Greifswald in thc Gernan Denocrntie Republic and

nt Loviisain Finlund.

The possible influcnce on the Durine environocnt by thc future wnrn

wntor outflow wns bricfly discussed. It was ngreod thnt if the wnter

eurrcnts nre constnnt nnd ga in the S~le direction thoy ony hnve u bone­

ficinl effect, contributing to an incrensod production in local crens. Thc

possibility of usinß tho watcr far fish-furning was also considored.

It was, howevor, ußrood that tho influonco nny be negative, ospocinlly



L

40

in nrcns nlrendy polluted by sewage or other wnstes? including pcsticides

nnd radio-netive nnterinls. The food-chnin cyclcs, for instnncc, ony be

nccclcratod, which will increase the possibility of necuoulntion of toxie

substnnccs within the orgnnisDs. In thc recipients the florn nnd faunn

conponcnts nny be exposed to tenpernture chunges. This will certninly

elininnte sone of then, ineluding fishes. It wns nlso pointed out thnt when

elenning the tUbes, ete.,different kinds of relensed.detergents Dny enuse

dnnage to thc recipient.

OTHER KINDS OF POLLUTION

Rndionctive pollution

Rndionctive wastos were discussed only briefly since, siDilnr to the

ngreenent bctween the Monbers of the Working Group on the Pollution of the

North Sen, the Representntives of tho prosent Group considered it best to

lenve these probIens to other, Dore specinlizcd bodies.

It wns~ however~ ngreed thnt rndionctive pollution nust not be isoln­

ted tao Duch fron pollution questions as n whole. It wns establishod that

thc Baltic waters are, indeed, to n ccrtain oxtent contnninated with fall­

out rndioactivity. At least in sone parts it seens ns if thc concantrations

havo incroased n little during recent years (Voipio & Salo 1969) althougl1

the results of investigations in other pnrts (e.g. the Bnys of Kiel and

Lübeck) rather point to a status quo.

The pollution situntion is subjoct to vory strong control in all the

countries and DUst renain so, since the establishnent of the future nuclenr

power stations, etc. will cause tho release of snnll additionnl nnounts of

radioactive Datter~ which otherwise~ in coubination with other pollutnnts,

could be n potential rink for the nnrine environDent.

There is no leEislntive hindrnnce for nuclonr ships to pass the Balts

nnd the Örcsund and entor the Bnltic sen.

Pollution by ships(oxcept oil)

The ship trnffic of thc Kattogat~ tho Danish wnters and parts of the

Baltic proper is considerablo. It is, for instnnce, estinnted thnt nore

thnn 20 nillion people trnvcl neross thc Örcsund evcry ycnr und during

sunnor trips nny bo nnde by nbout 500 pnssenger-ship, yielding betwcon 250

nnd 400 n3 waste, per dny. On sone routcs~ for instnncc, betwocn Göte­

bore una northcrn Jutlnnd onny fishemen reluctnntly traverse the ship

routes owing to thc nnuy nnnoade things thcy get in their trnwls. In sone
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harbours? terminals for the collection of ship waste hnve becn erecteu? but

thoy are too snnll and too fcw as yet to bring down this kind of pollution.

In sone archipelago areas TIaves and currents caused by ships hinder

thc local fishory. Fishernen in the archipelago of Alnnd da not set their

nets in.sono arens becauso of the engine noise fron ships and snallcr

vessels, which is thoueht to disturb the fishes.

Dunpcd fishing gcar nay sonetines be a hindrnnce for thc fishery. It

was in this conncction that thc "Fisherics Policing Convcntion", Lonc1on

1967, according to which fishing boats S110uld not dunp things dnnaging

fishery or fishes? was convünod.

Snnd-sucking, stone and gravel collecting

Sand-sucking operations and stone and gravcl collecting to get nate­

rial for building purposes on land take plnce in llnny constal nrens? but

are an internntional nffair only in so far as snnd-sucking in parts of thc

Örosund, which has been snid to nnko the wnter turbid? to depletc the

botton wnter of oxygen and to destroy spawning grounds, causing fish to

avoid the areas. The results of recent investigntions (Ackcfors & Fonselius

1968) Duke it probable that there nny be sone drnlngc to thc botton fnunn,

which fact could locally influcnce the fishery.

Underwater prospecting

Most of the countries hnvc started or intend to stnrt undcrwntcr

prospecting work to search for oil and gnß. It Dust be cxpected thnt sone
local fishing nrens will be disturbed by such operntions. There nnYi for
instnnce? bo nn increased turbidity nnd n cortn~n lcnknge of spücin sub-

stances used in drilling. Recent nccidents in the North Sen nnel nt the

Californinn const (e.g. tho St. Bnrbarn accident in Jnnunry? 1969) show

thnt consielernblo trouble nay be cnused by lenking oil or gns.

INTERNATIONAL COLLABORATION

Pollution research is carried out in nIl thc countries in conncction

with specinl ßituations or ns independent research progrUQDes. Thorc is a

dovcloping international collaboration in thc hydrogrnphicnl ani Darine

biologicnl field? partly through such internntional organisations nn

ICES? IOC, IMCO? IAEA nnd others, pnrtly through nore local organisations

such ns
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The Baltic Oceanographors (all countrios)

Thc Baltic Marino Biologists (all countries)

The Comnitteo on Pollution of the Öresund (Denoark and Swedon)

The Comnitteo on Pollution of the Gulf of Finland (Finland and U.S.S.R.)

Thc Sub-Division for tho Baltic area of the Cooperativc
Comnission of thc AcadoDies of tho Socialistic Countries
for Planetary Geophysical Research (G.D.R., Poland and U.S.S.R.)

Tho cooperativo research work in thc Odra (Oder) being carried
out by tho Stnte Nator Boards (G.D.R. and Poland)

SU1'1J.1.M.RY

All thc countries have laws against water pollution which include tho

coastal wators inside the territorial borders. At prosent tho controlling

power is, however, weaker concerning tho latter areas thnn concerning thc

inland vmters.

All countries control oil pollution, ~ost of thon according to tho

London Oil Pollution Convcntion. As to othor kinds of pollution the anly

lecislo.tive control of the open sen is thc Finnish lo.w o.go.inst pollution

of the open sea.

The hydrogrnphical conditions are chnracterized by the wnter of tho

deep bnsins beine nare or loss stagnnnt, causing oxygon doficit, und in

SODe cases production of H2S. The oxygen content of the deepost wnter

layero, especially in the Baltic proper, show n narked docrease since the

beeinninG of the century, acconpo.nied by an increase of tho phosphorus

contont.

Consideruble aoounts of sewage uro dischurged into the coo.sto.l wo.ters.

Most of it is untrcatod or undergoes only prinary trentnent. Sone constnl

ureas are heuvily polluted, espociclly in soni-onclosed enbo.yoents und

o.rchipolo.gos where the wuter exchango with the open sea is restricted.

Sewo.go pollution io also heo.vy in the Öresund und sone other open seo.

urcns nenr the consts. A big part of the phosphorus introducod by no.n

derivcs fron thc incronsed uso cf synthotic detergonts und fertilizors

durinG recent decades.

It is probnble tho.t the increasing sewnge phosphorus dischnrgo to SODe

oxtent contributes to the increasing phosphorus valuos in tho dcep bnsins

of tho open sen. A Doderntely incrensed supply of nutricnts including

phosphorus coopounds no.y stinulute the biologicnl production und tho fish

yicld in tho sea. Bccuuse of thc high no.turnl nnount of nutrionts o.nd low­
Oxygon conditions of the deep wator of SODe Bnltic bosins thc surplus

nnounts of nutrients dischnrgcd by nun nny, howcvcr, have n negative

effect on fishery in thc lang run, for instnncc, by disturbing tho oXYßcn
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balance or causing blooDs of toxie plankton algae.

Industrial pollution influenees Dany coastal ureas. This is especially

true of pollutants fron the wood-processing industries of Finland and

Sweden. The naxioUD pollution is, however 1 in this case eonsidered to have

bean reaehed and a slight inprovenent is expacted in the near future.

Other kinds of industrias locally influence the eoastal areas.

There is eertainly asoall leakage of Dore or less toxie substanees

frou uany parts of the coasts into the open sen. Polychlorinnted biphenyls

(peB) ure 1 for instunce, shown to be accUDulated in Durine aninnls fur

frou the shore 1 and eoncentrations reportod froD ühe Baltie and tho Öro­

sund exeeed those found in soue other seu areas.

Dunping of toxie substances has been nade espeeially outside the

Swedish eoast and in the southern Baltie proper.

Thora is a transport of pestieides, as DDT, fron land into the open

sea. Mercury pollution seens 1 however, to be Dore restricted to the

eousto.l vmters.

Both industriul und other wustes oay be düposited froD the uir on the

seu surfaco.

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

of the area. Pollution frau ships, pollution eaused by sand-sucking

operations und dunping of Dud and sludge have souetioes given rise to

loeal problcDs for the fishery.

Warn water pollution und pollution causcd by underwater prospocting

are na probleos at present but Day be Dore inportant in the futurc~
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Review of pollution transport end dispersion mechanisms

especially in regard to Baltic conditions

By A. Aitsam.

Pollutants discharced into the sea water alter the water

environment and the change is accoI:lpanied by biological changes.

Thereforc, to avoid undesirablo consequences, pollution must be

kopt within prescribed limits •

Thc individuality cf organisms end thc I:lore or loss random

chara.cter of a pollution field caused by turbulence makc it

necessary to make probability analyses concerning thc extension of

the pollution field and the oxpected concentration levels (Aitsam

1969). Consequcntly ene must not only be interested in average

values but also in extreme values, expected to be critica.l.

The extension of a. pollution field in the marine environment

is mainly co.used by marine turbulence which ta1tes its energy froI:l

the atmospheic end tidal forces, including wind influence end

seiches.

Pollutants are discharged mainly in thc form of sewage end

other waste waters in which they are kept either o.s solutions, es

solid particles or as films (oils). Only a limited part of the

pollution is discharged into the sea without water (e.g. dUI:lping of

solid matters from industry, ships, etc.).

According to thcir physical end chcmical propcrtics thc pollu­

tants can be divided into stable 8..l1d unstable, buoyant end submerging

substances • The spreading out of all kinds of polluting substances

(exeept those in film-form) mny be deseribed aeeording to the same

general model of turbulent diffusion.

Tbe vclocities 01' sewage or other waste waters, at tho moment

when they are diseho.rged, differ from thc current veloeities in the

sea. Tbe discharge vclocity ef pollutants in1'luences thc dispersion

velocity in the vicinity of the outfo.ll. This process can be called
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the initial dilution, diffusion in free turbulence, or turbulencc in

thc region of prirnary velacities. The primary velocity of the waste

water is S~f'~l in comparison with thc current vclccity at some distrolce

from thc outfall and does not contributc much to thc spreading out of

thc pollution ficld.

Outside this initial zone the sprcading out is mainly influenccd

by thc marine turbulcncc. This secondary process can be called diffusicn

in turbulent flow. The chf'JlGe-ovcr bctwccn thc two zones is SI!looth and

can be estimated cnly conditionally.

Host investigo.tions hitherto made to describe the spreo.ding out

of pollution ficld po.rnmetcrs in thc marine environment are based on

averaged time studies. Only recently some works bascd on probability

analyses heve appcared in thc literature (Gifford 1959, Monin-Jaglom

1967, Aitsam 1968).

The diffusion process in the marine environment is usually descri­

bcd by meMS of Jiffcrential equaticns for linear mnss transfer, by

making some assuoptions concernine tbc kind of end properties of random

functions describing the diffusion process, nnd by mru~ing use of turbu­

lence similo.rity hJ~otheses und dispersien theories (Mcnin-Jaglom 1965).

Semicmpirical diffusion cquations can also be derived by assuming thc

random ftmction dcscribing the diffusion prcccss to be continous Markov

functions. In the third case relations for more complicated conditions

can then be obtaincd (rknin-Jnglom 1965, HeIa &Voipio 1960).

Tbc characteristics of the marine velocity field must be known in

order to be able to calculate thc pollution diffusion in thc sen. To

estimnte tbc averaGed timeof the vclocity field one C8J.'1 make uso of

nnthcmatical nadel I:lcthods (Hansen 1967, Leendertse 1967, Tamsalu 1967).

The estination of the probability charactcristics of the marine velocity

field has been discussed by Oznidov (1958), Aitsam &Astok (1967, 1968).

Determination of diffusion coefficients and their variation limits in

the Baltic heve been discusscd by Joseph (1954), Ozmidov (1958, 1960,

1968), Okubo (1962), Bowdun (1964), Aitsnm &A11pere (1967) &nd others.

Relations for polluticn spreading undcr different boundary ccnditions,

nnd different f'~sumptions conccrninG diffusion cocfficients have been

presented by Aitsam (1958), Sender (1958), J.1onin-Jaß1cm (1965, 1967),

Ozmidov (1968). Tbc diffusion process of pollutants has been studied in

nature by means of nrtj~iciol tracers by scveral scientists, e.c.
Harremoes (1964), iVeidemann (1961~), Voipio & HeIa (1964) and van Dam (1966).
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To describe the dispersel of pollutants in the region of primary

dilution, simultaneous solution of differential equations describing

the primary velocity field end thc turbulent diffusion is used. The

similarity hypothesis and dimension theories are also uscd. Calculating

rc)~~ions for the time averaged concentration field in the region of

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

The dilution of pollutants in the primary velocity ficld call be

regulated by means of several kinds of diffusors. The purpose of obtai­

ning a hieh initial dilution of pollutants is (1) lowering of thc

critical concentration bclow a certain level at a short distance from thc

outfall, or (2) to intensify the decrease of 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 abtain a grat initial dilution may cause same

greater concentration vo.lues at large distances from thc outfall than

single end simple orifices.

In the literature are also discussed some special kinds of pollution

dispersal in the marine environment, e. g. pollutants floating on thc

surface (oil) (Tomsczak 1964 , Neumenn 1966) and in the wake of ships

(Abraham & Hilberts 1967).
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