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1. SAMMANFATTNING AVPROJEKT OCHRESULTAT

I denna rapport beskrivs en verksamhet
med miljéovervakning i de oppna hav-
somradena runt Sverige fran Kattegatt
till nordligaste delen av Bottenhavet.
SMHI utfor arbetet pa uppdrag av Na-
turvardsverket, eftersom verksamheten
ingar i det nationella programmet for
overvakning av miljokvalitet - PMK.
Storre delen av resultaten overlamnas
som ett svenskt bidrag till Helsingfor-
skommissionens program for overvak-
ning av Ostersjons marina miljo (BMP -
Baltic Monitoring Programme).

Overvakningen utfors genom att prover
insamlas under regelbundna expeditio-
ner i Kattegatt, Oresund, Ostersjén och
Bottniska Viken. Fysikaliska, kemiska
och biologiska parametrar bestdms i
vattenprover, bottenfaunan studeras i
sedimentprover och prover av fisk och
musslor insamlas for bestdmning av oli-
ka miljogifter.

Arbetet utfors helt integrerat med den
l6pandeoceanografiska verksamheten vid
SMHI. Genom detta blir resultaten av
SMHIs eget undersokningsprogram till-
géngliga for miljoovervakningen. Darfor
innehdller denna rapport betydligt mer
information 4n vad PMK finansierar.

Hosten 1988 var mild 1 ndstan hela lan-
det. Vintern blev mycket mild i de sodra
delarna avlandet med mattliga miangder
nederbérd. Endast i norra delen av lan-
det foll nederborden som sné i nigon
betydande mingd. Under varen och
sommaren var det nigot varmare och
torrare dn normalt. Hosten var lika mild
som under de tva foregdende dren men
mestadels med lite mindre nederbord.

Havsisens utbredning anses vara den
minsta sedan de regelbundna observa-
tionerna borjade.

Temperaturen i havsvattnet blev darfor
hogre dn normalt under hela aret och
mest mirkbart under vinter- och host-
manaderna. Temperaturerna har inom
hela havsomradet legat ca 1 - 2 grader
hogre dn langtidsmedelvardet for perio-
den 1968 - 85.

OxygenforhéllandenaiKattegatt préigla-
des aterigen av en temporir nedging i
den sydostra delen under sensommar och
tidig host. Ijamforelse med 1988 var det
mindre arealer som berordes och gene-
rellt sett var de lagsta halterna inte sa
1aga som under 1988. I Ostersjon fortsat-
te de daliga oxygenforhallandena i djup-
vattnet under hela dret. Inte hellerunder
1989 intraffade nagot betydande inflode
av oxygenrikt vatten som kunde ventile-
ra djupbassidngerna. I Bornholmsbas-
sdngen fanns svavelvite (med forgrening
in i Hanobukten) under springskiktet
nistan hela aret; i den 6stra Gotlands-
bassidngen dr det nu mer dn 12 ir sedan
det senast fanns oxygen i bottenvattnet
och i den ostra delen av norra central-
backenet har det funnits svavelvite hela
aret. I Landsortsdjupet fanns svavelvate
endast under en kort tid under sensom-
maren.

Narsalterna uppvisade inga ovanliga
variationer under dret. Under vinterpe-
rioden fanns fosfat och nitrat i ytvattnet
i normala halter och i samband med
produktionsperioden under viren gick
halterna ned till knappt méitbara nivaer.
Generellt sett 4r det en 6kande trend av



fosfat och nitrat i Kattegatts och Oster-
sjons ytvatten, medan silikathalterna i
Ostersjon visar en vikande trend.

Analyserna av petroleumkolviten visar
att halterna under 1989 i stort sett legat

stabilt pA samma halter som under de
nirmast foregdende dren, vilket tyder pa
att belastningen med oljeféroreningar
inte genomgitt nigra patagliga fordn-
dringar.

Stig R. Carlberg
Chef for Oceanografiska laboratoriet

SUMMARY OF THE PROGRAMME AND ITS RESULT FROM 1989

This report describes a project for environ-
mental monitoring in the sea areas around
Sweden, from the Kattegat to the northern

partofthe Bothnian Sea. SMHI carries out
this project based on a contractual arrang-
ement with the National Environment
Protection Agency and the project is part of
the national programme for environmen-
tal monitoring (PMK). The greater part of
the results from the project described here
are also reported as a national Swedish
contribution to the Baltic Monitoring Pro-
gramme (BMP) of the Helsinki Commis-
sion.

The monitoring is carried out through a
number of regular cruises in the Kattegat,
the Sound (Oresund), the Baltic Proper
and the Gulf of Bothnia. Physical, chemi-
cal and biological parameters are studied
in water samples, zoobenthos is studied in
sedimentgrab samples and samples of fish
and mussels are collected for the determi-
nation of harmful substances.

The work is entirely integrated with the
regular oceanographical programme of
SMHI. By this arrangement the result of
the SMHI programmes is made available
also for the national monitoring. Conse-
quently, this report contains more infor-
mation than is really financed by the
monitoring budget.

The autumn of 1988 was mild almost all
over Sweden. The winter was very mild in
the southern part of the country with
moderate amounts of precipitation. Only
in the northern part the precipitation was
as snow to any significant extent. During
spring and summer the weather was more
warm and dry than normal. The autumn
of 1989 was as mild as during the previous
two years and the amount of precipitation
was modest. The sea ice covered very small
areas; in fact the extent was the smallest
since regular observations were organised.



The temperature of the sea surface layer
was higher than normal the whole year
and most noticeable during winter and
autumn. In the entire sea area the tempe-
ratures were 1- 2 °C above the long term
mean value for the period 1968 - 1985.

The oxygen conditions in the south eastern
Kattegat once again turned into an unfa-
vorable situationin late summer and early
autumn. However, in comparison with the
situation in 1988, a smaller area was affec-
ted and in general the lowest concentra-
tions were not as low as in that year. Also
in the Baltic Proper the bad oxygen situa-
tion in the deep water prevailed the whole
year. No major inflow of oxygen rich water
occurred to ventilate the deep basins. In
the Bornholm Basin hydrogen sulphide
was present under the halocline (with an
extension into the Hané Bight) almost the
whole year; in the Eastern Gotland Basin
hydrogen sulphide has been present in the
bottom water for more than 12 years conti-

nuously and in the eastern part of the
Northern Central Basin hydrogen sulphi-
de was present the whole 1989. In the
Landsort Deep hydrogen sulphide was
detected only during a short period in the
late summer.

Nutrient conditions did not show any
remarkable changes during 1989. During
the winter period phosphate and nitrate
are present in about usual concentrations,
which decrease to near detection limit
during the production period in the spring
and early summer. In general there is an
increasing trend of nitrate and phosphate
in the surface waters of the Kattegat and
the Baltic Proper, while the silicate in the
Baltic shows a decreasing trend.

The analyses of petroleum hydrocarbons
showed roughly the same concentrations
as during the previous last years. This
indicates that the load of oil pollution of
the Baltic and the Kattegat has not chang-
ed significantly.

Stig R. Carlberg
Head of the Oceanographical Laboratory
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2 VERKSAMHETSBERATTELSE

2.1

Detta inledande avsnitt beskriver for den
nye lisaren ndgot om SMHIs oceanografi-
ska verksamhet, ndgot om hur PMK-pro-
grammet dr uppbyggt och hur utsjopro-
grammet inom PMK &r integrerat med
verksamheten inom SMHI. Nyheterna for
1989 beskrivs i slutet av avsnittet.

SMHI bedriver en omfattande observa-
tionsverksamhet betraffande havet och
havsmiljon, bl.a. genom regelbundna far-
tygsexpeditioner i alla havsomraden runt
Sverige. Inom SMHI ar det Oceanogra-
fiska laboratoriet i Goteborg, som ansva-
rar for dessa expeditioner. Laboratoriet
har bedrivit denna verksamhet i olika
former sedan 1948, da Fiskeristyrelsen
inrattades (laboratoriet var under tiden
1948 - 1985 en del av Fiskeristyrelsen).
Laboratoriets foregangare startade sin
verksamhetiborjan av 1900-talet. For ex-
peditionerna disponerar SMHI erforder-
lig tid pd Undersokningsfartyget Argos,
vars redare ar Fiskeristyrelsen.

Programmet for miljékvalitetsovervak-
ning - PMK - dr ett nationellt program for
att beskriva den yttre miljon, uppticka de
forandringar som intraffar dar, samt for
att beskriva och forklara fordndringarnas
orsaker, effekter och dessas betydelse for
miljon. Programmet dr samtidigt en del av
det gemensamma monitoringprogrammet
for Ostersjons marina miljo, som de sju
strandstaterna byggt upp inom ramen for
Helsingforskommissionen. Detta program
kallas for Baltic Monitoring Programme
och bendmns i denna rapport som BMP.
Syftet med detta samverkande program
4r att man genom den gemensamt fram-
tagna informationen skall kunna fi en
vasentligt battre 6verblick av miljositua-
tionen 4n vad nigot av linderna har
resurser att skaffa sig pa egen hand.

ALLMANT OM ORGANISATION OCH ADMINISTRATION

Genom att man dessutom gemensamt gor
utvirdering av resultaten fran BMP, nar
man lingre i1 samforstand betriaffande de
slutsatser som undersokningsresultaten
ger underlag for.

Statens Naturvardsverk dr huvudman for
PMK, men storre delen av programmet
(som alltsa omfattar bade luft, mark, sot-
vatten och havsvatten) genomfors pé
kontrakt med olika myndigheter eller
universitetsinstitutioner. En forutsatt-
ning ar di att de redan har sidan struktur
och basverksamhet att de kan genomfora
idtaganden inom PMK pa& ett sitt som ar
rationellt och kostnadseffektivt for stats-
makterna.

P4 detta satt arbetar SMHI med PMK-
verksamhet inom tva olika delprogram pé
uppdrag av Naturvardsverket. Det stors-
ta dr utsjoverksamheten, inklusive vin-
terprovtagning fran isbrytare i Bottniska
Viken, som denna rapport handlar om.
Det andra programmet avser komplette-
rande provtagning med hjalp av Kust-
bevakningen. De prov som Kustbevak-
ningen samlarin ldngs Vistkusten analy-
seras av laboratoriet i Goteborg, och de
som samlas in i Ostersjon och Bottniska
viken analyseras av SMHIs laboratorium
i Norrkoping. Resultatet fran dessa prov-
tagningar rapporteras i en separat publi-
kation, men alla resultat har ocksa varit
tillgangliga for utarbetandet av denna
rapport.

Enligt uppdraget skall SMHI "i ett utsjo-
program for overvakning av den marina
miljon genomfora provtagning och analys
omfattande fysik, kemi och biologi samt
provtagning for miljogiftsanalys vid tre
expeditioner i Kattegatt, fem i Oresund,
tvaiOstersjon och fyraiBottniska Viken.”




Detta dtagande som SMHI har gentemot
Naturvardsverket innebéar att verksam-
heten ar helt integrerad med laborato-
riets ordinarie verksamhet betriffande
expeditioner, analyser,datahanteringetc.
Laboratoriets basverksamhet 4r pa detta
satt en forutsattning for att delprogram-
met inom PMK skall kunna utforas till en
lag kostnad.

Det stationsnit som laboratoriet anvén-
der for sina observationer visas i figur 1.
De kraftigt markerade punkterna ér
gemensamma for PMK och laboratoriets
reguljara program. De 6vriga punkterna
ar enbart for det senare programmet. De
olika parametrar som studeras, liksom
antalet prover som tagits av varje slag

Nyheter for verksamheten under 1989.

Aven under varen 1989 anordnades en
forstarkt planktonovervakning i Vister-
havet diar SMHI deltog i samarbete med
andra institutioner. Verksamheten finan-
sierades med sirskilda medel fran Natur-
vardsverket. En kort redogorelse for detta
finns under avsnitt 4.2 i rapporten.

Monitoringverksamheten har under hela
1989 bedrivits i normal omfattning, efter
den temporira nedskérning, som gjordes
under budgetaret 1987/88.

I och med att SMHIs basanslag forstark-
tes och laboratoriet ddrmed fick okade
resurser har vakanta tjdnster kunna till-
sdttas. Under sensommaren 1989 anstéll-
des en kvalificerad kemist som ansvarig
for laboratoriets program for marin kemi.

inom PMK-verksamheten, finns forteck-
nade i tabell i avsnitt 2.2.1 nedan.

Den arligarapporteringentill Naturvards-
verket bestar alltid avtvadelar;delsdenna
skrivna rapport med bearbetade resultat,
dels av magnetband och pappersutskrif-
ter med oceanografiska och biologiska
grunddata. Dessa data sinds till Natur-
vardsverket i samband med ordinarie
rapporteringstillfille till Helsingforskom-
missionen under varen, di data skall
rapporterastill kommissionens sekretariat
i Helsingfors. Proceduren innebéar att data
for 1988 har rapporterats under viren
1989 och att data for 1989 insinds fore
1 maj 1990.

Dessutom anstéidlldes tva oceanografer,
delvis for att forstarka faltverksamheten,
men framfor allt for att bearbeta insamla-
de resultat bl.a. fran PMK-programmet.

Under aret har SMHI lagt ned mycket
arbete pa att vid Oceanografiska labora-
toriet bygga upp en databas i den Mikro-
Vax-dator som laboratoriet (orfogar over.

Analyser av prover for bestimning av
fytoplanktons primérproduktion har hit-
tills gjorts med anviandning av en vitske-
scintillator vid Institutionen for marin
mikrobiologi vid Goéteborgs Universitet.
Sedan detta instrument blivit fordldrat
och inte ldngre repareras, har Kristine-
bergs Marinbiologiska Station valvilligt
utfort scintillationsbestdmningarna.



SMHI vill tacka Naturvardsverket for
uppdraget och det direkta finansiella sto-
det, Fiskeristyrelsen for gott samarbete
och for anvandningen av U/F Argos, befal
och manskap pa U/F Argos for gott kam-
ratskap och all hjidlp under det géangna
verksamhetsdret. Vitackar ocksia Kustbe-
vakningen och Sjofartsverket och manga
personer dar i befdl och manskap pa be-
vakningsfartyg och isbrytare for all hjélp

i samband med provtagningar. Slutligen
tackar vi Odd Lindahl vid Kristinebergs
Marinbiologiska Station for arbetet med
scintillationsbestdmningarna.

Slutligen vill forfattarna till denna rap-
port tacka Anita Taglind for all hjdlp med
ord-ochtextbehandling, ritning avfigurer
och slutredigering av rapporten.

REPORT OF THE ACTIVITIES IN 1989

ORGANIZATION AND ADMINISTRATION

This introduction is a standard text that is
repeated in every year’s report to the benefit
of the new or occasional reader. Here is
described parts of the oceanographical
activities of SMHI - the Swedish Meteoro-
logical and Hydrological Institute, some of
the background information on the natio-
nal programme for environmental monito-
ring (PMK), as well as how monitoring
activities are integrated with the regular
work of SMHI. News for 1989 are descri-
bed at the end of the section.

SMHI is responsible for oceanographic
studies of Swedish sea areas in general.
This is done i.a. by regular oceanographic
cruises carried out by the Oceanographical
laboratory in Goteborg. The Laboratory,
and its predecessors, have been active in
this field since the beginning of the twen-
tieth century. For the cruises ship time is
granted aboard the R/V Argos, which is
commissioned by the National Swedish
Board of Fisheries.

PMK - the programme for environmental
monitoring - is a national responsibility
for the National Swedish Environment
Protection Board (NSEPB). The program-
me elements are studies of air, soil, wild-
life, fresh waters and marine waters. A
large part of the marine programme forms
the Swedish contribution to the Baltic Mo-
nitoring Programme (BMP) of the Hel-
sinki Commission for the Protection of the
Baltic Sea Environment (HELCOM).

SMHI carries out the open sea part of the
PMK for NSEPBon acontractual basis. As
the monitoring work is carried out fully
integrated with the other activities of the
Laboratory concerning sampling cruises,
analyses, computer support etc., this is a
very cost-efficient arrangement.

According to the contract SMHI has to
carry out physical, chemical and biologi-
cal sampling and analysis connected to
three cruises in the Kattegat, five cruises in
the Sound, two cruises in the Baltic and
four cruises in the Gulf of Bothnia.



The station network is shown in figure 1,
where the bigger dots designate stations
which are in common for PMK and the
basic programme of the Laboratory , whe-
reas the smaller dots are for the last cate-
goryonly. The parameters included in the
programme, as well as the number of
monitoring analyses carried out are listed
in the section 2.2.1 below.

New activities in 1989.

During the spring and early summer of
1989 SMHI participated in a special pro-

gramme for surveillance of plankton blooms
in the Kattegat and Skagerrak areas. This

programme was supported by special funds
from the Environment Protection Board.

A sshort description is given in section 4.2 of
this report.

During the financial year of 1987 /89 the
monitoring programme suffered from a
temporal reduction of the basic funding of
SMHI. As the funding was restored, the
monitoring has been performed to a full
extent during 1989.

The restoration of the regular funding of
SMHI had the very positive effect that
vacant posts in the Oceanographical Labo-
ratory were filled. During the autumn of
1989 one very qualified chemist was emp-

The annual report to NSEPB consists of
two parts; this written report and the ac-
tual data. The latter are compiled on
magnetic tape and paper print-outs, which
are delivered before 1 May every spring
when official reporting has to be made to
the HELCOM Secretariate concerning the
BMP.

loyed as head of the marine chemistry
programme of the Laboratory. Further-
more, twovery skilled oceanographers were
employed to evaluate data and to strengt-
hen the field staff.

Much efforts have been spent by SMHI
during 1989 to create an oceanographic
data base at the MicroVax computer at the
Laboratory.

Scintillation analysis of samples for stu-
dies of phytoplankton primary productivi-
ty has during the years been carried out
using a scintillatorat theInstitute of Marine
Microbiology at the University of Gote-
borg. Since that particular piece of equip-
ment has become obsolete and will nolong-
er be repaired, Dr. Odd Lindahl at the
Kristineberg Marine Biological Station has
kindly agreed to carry out the scintillation
analyses.

Stig R. Carlberg



2.2 FALTVERKSAMHET

2.2.1 Laboratoriets egna expeditioner

Den planerade oceanografiska undersok-
ningsverksamheten kunde genomf6ras
utan inskrinkningar. I tabellen &r note-
rat 8 expeditioner mot 7 planerade. An-
ledningen &r att expeditionen i maj/juni
delades genom att Havsfiskelaboratoriet
hade en en veckas fiskeribiologisk under-
sokningiBottenhavet. Expeditionen med
Argos 10-24 april utstriacktes till Nord-
sjon och en omfattande provtagning ut-
fordes som en forovning infor 1990 ars
internationella samarbetsprojekt "SKA-
GEX”. Under samma expedition utfordes
ocksa omfattande provtagning av fyto-
plankton och klorofyll for jamforande stu-
dier med satellitbilder i ett samarbets-

projekt med fiskeristyrelsen inom fjéarr-
analys.

Liksom under tidigare ar har provtag-
ning i Bottniska viken genomforts tva
ganger med vilvillig bjélp fran sjofarts-
verkets isbrytare.

I tillagg till det reguljara PMK-program-
met gjordes i samarbete med andra
myndigheter och institutioner en inten-
siv insats under mars - juni for att upp-
tacka och 6vervaka stora planktonblom-
ningar. Inom detta program genomfordes
nio expeditioner med SMHI’s eget fartyg
U/F Sensor.

Sammanstillning éver genomforda expeditioner.,

Tid Fartyg N SK
0123-0203 Argos

0227-0303 Argos X
0410-0424 Argos X x*
0502-0503 Oden 2

0516-0603 Argos x*
0613-0616 Argos

Mars/juni Sensor@ x
0821-0901 Argos X
0925-0929 Argos

1106-1127 Argos X
1218-1219 Frej

I K OR O BV
X x* X
X
X x*z X*
x*
x*e x* x* x*
X X X
X b¢
b'¢ b'¢ x* X
X X
x* x* x* x*
x*

Forkortningar som anvinds: N (Nordsjon), SK (Skagerrak), I (Idefjorden),
K Kattegatt), OR (Oresund), O (Ostersjon), BV (Bottniska viken).

Anmiérkningar: * =PMK

O = Forstarkt 6vervakning av planktonblomning, sammanlagt 9 exp.
3 exp. striackan Oresund-Géteborg i Kattegatt, 6 exp. GF-snittet-
W Skagen-Maseskir, 65 stationer samt ytprover

z = Forstarkt 6vervakning av planktonblomning

9




Fé6ljande sammanstédllning omfattar antalet prov som tagits under dret och det antal
analyser som gjorts ombord eller pa laboratoriet i land. Siffrorna inom () 4r det totala

antalet, 6vriga inom PMK.

Besokta stationer: Argos 708, 6vriga fartyg 78 stationer.

CTD (in situ temperatur 77 (561)
och salinitet)

Temperatur 1072 (7956)
Salthalt PSS78 1072 (7956)
Oxygen 1050 (6319)
Svavelvite 25 (72)
pH 970 (1603)
Fosfat 1072 (6447)
Silikat 988 (4743)
Nitrit 1018 (5118)
Nitrat 1018 (5118)
Ammonium 1018 (4652)
FIELDWORK

All oceanographic cruises were carried
out according to the plans. In fact eight
cruises with R/V Argos are noted in the
first table above, although only seven were
planned. The reason was that the cruise in
May-June had to be divided in two parts
with one week for fisheries investigations
in between. The cruise 10 - 24 April was
extended into the North Sea for extensive
samplings as a preparation for the inter-
national project "SKAGEX” that will be
carried out in 1990. During this particu-
lar cruise additional sampling for chlo-
rophyll and phytoplankton was carried
out to obtain ground truth data for a
satellite remote sensing project, which is
carried out in cooperation with the Natio-
nal Board of Fisheries.

Totalfosfor 1018 (5089)
Totalkvive 1018 (4839)
Alkalinitet 837 (1779)
Humus/Lignin 580 (1392)
Klorofyll 317 (496)
Zoobentos 63 (63)
Primarproduktion 192 (192)
Petroleumkolviaten 111 (111)
Aluminium - (169)
Fytoplankton 145 (470)
Zooplankton 89 (111)

As during previous years additional
sampling in the Gulf of Bothnia was car-
ried out twice from ice breakers.

Inaddition to the regular monitoring extra
efforts were made with nine cruises with
R/V Sensor in a special early warning
and monitoring programme for extensive
plankton blooms.

The second table above gives an overview
of the number of samples analysed aboard
or in the laboratory ashore. The numbers
in () are total numbers and other figures
are the number of samlpes contained in
the monitoring programmes.

Sven Engstrom
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2.2.2 Vattenprovtagning fran stats-
isbrytare i Bottniska viken

Fran statsisbrytaren "ODEN 2” togs
vattenprov i Bottniska viken under
fartygets ordinarie resa fran Lulea till
Stockholm efter vinterperiodens slut.

Under viagen besoktes stationerna F 9,
BO3, US 5b, F 26, SR 5 samt F 64b och
vattenprov togs pa olika nivier for senare
analys av salinitet, oxygenhalt och nirsal-
ter. Rutinerna foljde programmet for PMK-
kust och provtagningen dgde rum 2-3 maj.

Den 18-19 december genomférdes mot-
svarande provtagning fran isbrytaren
"FREJ” under dess resa Stockholm-Kvar-
ken. Provtagning utfordes pa stationerna
F 64b, SR 5, F 26, US 5b, US 2 samt F 16.
Samtliga analyser utfordes i Norrkoping.

Sampling from ice breakers in the
Gulf of Bothnia

After the winter period the ice breaker
“Oden 27 left Luled for Stockholm. During
this cruise the following stations were visi-
ted 9, BO3, F 16, US 5b, F 26, SR 5 and
F 64b. Samplings were made at different
levels for later analysis of salinity, oxygen
and nutrients. The routine work followed
the PMK-Coast Programme and the samp-
lings were made on May 2-3.

The ice breaker "Frej” carried out corre-
sponding samplings on December 18-19
when sheleft Stockholm for the Quark. The
following stations were visited F 64b, SR 5,
F26,US5band F 16. All the analyses were
made in Norrkoping.

Bo Juhlin

2.2.3 Kustbevakningens provtagningsverksamhet

Under 1989 utforde Kustbevakningen
59 st provtagningar pd viastkusten. Defyra
stationerna A 13 (belagen SW Hallo), SW
Vinga, Fladen och Anholt E besoktes
manatligen av tre av Kustbevakningens
fartyg. Detta ar en visentlig 6kning jam-
fort med 1988 da endast 32 provtagningar
gjordes. Provtagningarna omfattade hyd-
rografi och nérsalter. Oxygenproverna
skyddades genom vattenlas och resteran-
de vattenprover, forutomsalinitetsproven,
konserverades med syra. Under ett par
manader togs ocksa prover for temperatur
och salinitet vid Hallsundsudde. Denmilda
vintern 88/89 mojliggjorde normal prov-
tagningsverksamhet hela dret ldngs hela
vastkusten.

Den okade provtagningen avspeglade sig
ocksi 1 ett betydligt 6kat antal analyser.
Oceanografiska laboratoriet utforde ca
1600 analyser med avseende pa salinitet,
oxygen, fosfat, totalfosfor, nitrat, total-
kvive och silikat pa de insamlade kustbe-
vakningsproverna. Dessa miétningar ut-
gor tillsammans med SMHI:s egen prov-
tagning ett viardefullt basmaterial for
miljokvalitetsovervakningen, som for
véstkustens del administreras av Oceano-
grafiska laboratoriet 1 Goteborg och fran
huvudkontoret i Norrkoping betrédffande
ostkusten.

Resultaten inrapporteras till SMHI i
Norrkoping diar de sammanstills och
publiceras i HO-serien.
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Sampling by the Coast Guard

During 1989 the Swedish Coast Guard
made 59 samplings at the West Coast. This
is a considerable increase as compared to
1988 when only 32 samplings were carried
out. Four stations were visited each month
by three ships, when they had opportunity
to do so. The sampling concerned hydro-
graphy and nutrients. The oxygen samples
were kept under water to be air tight and
the rest of the water samples, except those
for salinity, were preserved by acidifying.
During a couple of months the Coast Guard
alsotook samples concerning hydrographic
parameters except oxygen, at one addi-
tional station in the Kattegat.

The increased sampling activity also in-

creased the number of samples to be analy-
sed. The oceanographic laboratory perfor-

2.2.4 Miljogiftsprovtagningen

med about 1600 analyses determining
salinity, oxygen, nitrate, total nitrogen and
silicate. Theresults from the oceanographic
samplings performed by the Coast Guard
vessels and the regular SMHI samplings
form together an invaluable background
material for the national monitoring
programme. The Oceanographical labora-
tory in Goteborg is responsible for the
administration of the Coast Guard
samplings along the West Coast and our
head office in Norrkoping, is in charge of
the corresponding samplings in the Baltic.

The result from the entire Coast Guard
sampling programme were published by

in the HO-series of SMHI.

Lotta Fyrberg

Fisk for miljogiftsanalys har liksom tidigare, insamlats under hosten fran foljande

lokaler.

NSO LN

Sillen fran Viderdarna och Fladen har
insamlats ombord U/F Argos av personal
fran fiskeristyrelsens havsfiskelaborato-
rium. Torsken fran Fladen har fingats av
Alvar Jacobsson pa SNV. Ovrigt material

Stromming fran Harufjarden i Bottenviken.

Stromming och torsk fran Angskirsklubb i Bottenhavet.
Stromming fran syd Landsort i Ostersjon.

Sill fran Utldngan i Ostersjon.

Torsk fran Sydost Gotland i Ostersjon.

Sill och torsk fran Fladen i Kattegatt.

Sill fran Vidderoarna i Skagerrak.

har mot ersittning anskaffats av fiskeri-
konsulenter och yrkesfiskare. Fisken har
for vidare behandling levererats till Na-
turhistoriska Riksmuseet i Stockholm.
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Insamling av skorv (Saduria entomon) 94 stlevande skorv erhélls vid en timmes
utfordes i november vid station F 18 i trilning. Materialet skall levereras till
norra Bottenhavet. For forsta gidngen for- Naturhistoriska Riksmuseet i Stockholm.
soktes nu bottentralning. Utbytetblevbra.

Environmental contaminanis

Collection of fish for determination of harmful substances has been done from seven
areas and delivered to the Swedish Museum of Natural History.

Herring from Harufjdarden in the Bothnian Bay.

Herring and cod from Angskirsklubb in the Bothnian Sea.
Herring from S Landsort in the Baltic Proper.

Herring from Utlangan in the Baltic proper.

Cod from SE Gotland in the Baltic Proper.

Herring and cod from Fladen in the Kattegat.

Herring from Vidderéarna in the Skagerrak.

NSO LN~

The fish from the localities 1-5 were obtai- northern Bothnian Sea in November. For
ned from commercial catches whereas the first time bottom trawling was tried.
research staff caught the fish from the The result was succesfull and 94 speci-
localities 6-7. Collection of Saduria ento- mens were caught during trawling for one
mon was performed on station F 18 in the hour.

Bengt Yhlen
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2.3 DATAVERKSAMHET
Laboratoriets lopande dataverksamhet
har, liksom for 1988, bedrivits pa datorn
vid Oceanografiska Institutionen vid
Goteborgs Universitet. Dennalosning har,
trots sin provisoriska karaktér, fungerat
utmirkt. Sa kan t.ex. laboratoriet fortfa-
rande halla malsédttningen att samtliga
analyserade parametrar(ca2/3 avdemitta
parametrarna) fran en expedition ar data-
lagrade och tillgédngliga for bearbetning
tva arbetsdagar efter att expeditionen ar
avslutad.

Som ett stod bl.a. for PMK bedriver SMHI
med egen finansiering ett omfattande
utvecklingsarbete inom datahanteringen.
Utvecklingsarbetet med att ta fram en
databasiMimer sker palaboratorietsegen
MicroVAX. Forutom utvecklingsarbete
anviénds Microvaxen for arbete med mate-
matiska cirkulationsmodeller och som
 fileserver for persondatorer i ett nétverk.
Lagringskapaciteten (2x159 Mbyte)
kommer inom kort att vara fullt utnyttjad
dé systemdisken nuidet ndrmaste ar fylld

och d& databasen berdknas uppta ca 130
Mbyte ndr samtliga data ar konverterade.

Utvecklingen av Mimer-databasen bedrevs
forst via telelinje till Vaxsystemet i Norr-
képing. Varen 1989 anskaffades en Mi-
mer-utvecklingslicens till laboratoriet och
programmeringsarbetet startade pa all-
var. Databasdesignen &r nu klar med
samtliga tabeller strukturerade, priméar-/
sekundérindex och tabellkopplingar defi-
nierade. En instansnings/uppdaterings-
modul dr framtagen och under uttestning,
dessutom finns ett firdigt sokprogram for
uppldggning avdata p4 sekventiell ASCII-
fil fér vidare bearbetning pa PC. Allt ut-
vecklingsarbete med databasen har bedri-
vits med 4GL-verktyget Mimer/SD.

For ordbehandling, avancerad statistisk
analys samt grafisk presentation av data
finns nu, kopplade till Microvaxen via
Ethernet, fem PC/DOS samt tre Macin-
tosh. Oceanografiska dataprodukter, ba-
serade pad programvarorna Statgraphic,
Surfer och Klotet, implementeras fortlo-
pande.

lf‘ """""""""""""""""""""""" 71 [T T = 1
i |
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DATALAGRING

Under det gdngna aret har databanken kompletterats med 1989 ars data fran Argos,
Sensor, Svanic, Kustbevakningen och isbrytare. Liksom under 1988 har ytterligare
historiska data sparats upp och lagts in i databanken.

Databanken innehéller:

- data fran svenska forskningsfartyg 1902-89

- - ? - kustbevakningen 1970-89

- - ” - isbrytare 1983-89
data fran utliandska forskningsfartyg 1902-87
alla tillgangliga BMP data, 1979-86
- alla data fran Borné faltstation, 1909-11, 1930-89
- KMBS’s métningar vid stationen Alsbiack 1978-89
klorofylldata 1979-89

Forutom innehéllet i databanken finns separata delsystem med féljande data:

- CTD-data 1978, (79), 80, (81), (83), 84-89
(4rtal inom parantes anger att data enbart till vissa delar
overforts till ND-systemet resterande data 4r lagrat med
BCD-kod pa kassettband)
- CTD-data fran havsfiskelaboratoriets expeditioner 1978-89
(vissa ar ej kompletta, se ovan anmarkning)
- strommatardata 1974-84
(endast vissa stationer upplagda, resterande data pa halremsor)
- primérproduktionsdata 1982-89

- fyrskeppsdata for 15 st fyrskepp 1860-1969
(1860-1947 ars data finns péa protokoll)

Dessutom finns pA BMP-protokoll:

primarproduktionsdata 1979-89
zoobenthosdata 1979-89
zooplanktondata 1979-89

- fytoplanktondata 1979-89
klorofylldata 1979-89
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Banken innehdller nu 90239 stationer, férdelade enligt:

Skagerrak/Nordsjon
Svenska fjordar
Kattegatt

Ostersjon

Bottniska viken

8638
22528
14506
29801
14867

Rapportering och utbyte av data enligt de bilaterala 6verenskommelserna har fortlspt
med en viss fordréjning. Arsrapportering till SNV och Helsingforskommissionen har

dock gjorts inom avtalad tid.

COMPUTER SUPPORT

The routine computer activities have been
carried out, as in 1988, on the ND-500
computer of the Oceanographic Institution
of the University of Goteborg. Despite this
provisional arrangement the work has been
continued without problems. Data of ana-
lysed parameters are stored and ready for
processing within two days after a cruise.

To support the monitoring programme,
SMHI is funding an extensive develop-
ment work in data management. Except
for dataprocessing, the MicroVax is also
used for mathematical circulation mo-
dels, and as fileserver in a network of PC's.
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In the beginning of 1989 a Mimer develop-
ment license was purchased. The database
is now designed with all the tables con-
structed and indexes defined. A data-entry
program and a extraction program has
been developed. All the development work
was performed with the 4GL-instrument
Mimer/SD.

For word-processing, advanced statistic
analysis including graphical presentation
of data, there are now 5§ PC/DOS and 3
Macintosh connected to the MicroVax in a
network. Oceanographical dataproducis,
based on for example the PC-software
packages Statgraphic, Surfer and Klotet
aredeveloped. Furtherevaluation of neces-
sary PC-software is carried out.

Hakan Palmén



2.4 NATIONELLT OCH INTERNATIONELLT SAMARBETE

Liksom under tidigare ar har verksam- Nationella och internationella méten av
heten varit starkt knuten till arbete som betydelse for PMK-programmet #r for-
bedrivs vid institutioner, myndigheter tecknadenedan.Vid fleraavdessa méten
och organisationer i Sverige och i andra har redovisningar eller presentationer
lander. Detta ar viktigtbade for kunskaps- gjorts av resultat fran PMK.

overforing och for den expertfunktion som

SMHI har t.ex. inom det internationella

samarbetet inom de olika marina konven-

tionerna.

ICES Workshop on the Chrysochromulina

polylepis bloom 28 febr. - 2 mars  Bergen
Joint Monitoring Group (OSPARCOM) 24 - 27 januari Vigo
Planeringsméte for SKAGEX 7 - 9 februari Lund

ICES Marine Chemistry Group 13 - 17 februari Savannah
ICES Working Group on Shelf

Seas Oceanography 4 -6 april Bidston, UK
ICES Study Group on PEX 11-12 april Sopot

ICES Working Group on the Baltic
Marine Environment 13 - 15 april Sopot

Nordiskt moéte for samordning av
monitoring i Kattegatt och Skagerrak 20 april Goteborg

Second Meeting of GESPA (HELCOM) 3 -6 maj Tallinn

ICES Working Group on Environmental
Assessment and Monitoring Strategy 24 - 28 april Brest

ICES Working Group on Marine
Data Management 9 - 12 maj Lissabon

ICES Statutory Meeting (framst kommit-
téerna for hydrografi och marin miljo) 5 - 10 oktober Haag

Planeringsméte for SKAGEX 31 okt. - 2 nov. Kiel
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NATIONAL AND INTERNATIONAL COOPERATION

As during all previous years the monito-
ring programme has been executed in close
cooperation or relation to activities of other
institutes, authorities and organizations
in Sweden and in other countries. This
connection is essential for bilateral trans-
fer of knowledge and experience as well as
for the expert role SMHI has in e.g. the
international cooperation within ICES

2.5 PERSONAL OCH EKONOMI

En forutsattning for att kunna genomfora
PMK-verksamheten inom den anslagna
budgetramen dr vanligen att verksamhe-
ten integreras med det 16pande arbetet pa
respektive institution. Expeditionerna
inom detta kontrakt bedrivs helt integre-
rat med Oceanografiska laboratoriets
ordinarie faltverksamhet. Nastan all per-
sonal vid laboratoriet (20 personer i mars
1990) arbetar med olika delar av PMKi
falt eller pa land. Till detta kommer for-
starkning av personal fran SMHI i Norr-
képing och projektsanstélld personal vid
flertalet expeditioner.

STAFF AND ECONOMY

All work within this open sea programme
of the PMK is fully integrated with the
regular work of SMHI. Almost all staff of
the Oceanographical Laboratory (20 per-
sons in March 1990) are involved at sea or
ashore. Furthermore, the expeditions were
to some extent reinforced by additional
staff from SMHI in Norrkoping and staff
on contract.
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and the various commissions within the
marine sector.

National or international meetings or rele-
vance to the PMK-programme are listed
above. In several cases presentations of
material or experiences from the program-
me were presented.

Stig Carlberg

Naturvardsverket har bidragit med
1102 000 kr for budgetaret 1988/89 och
for 1989/90 var beloppet 1 150 000 kr. Till
detta har beviljats ett sérskilt tilliggsan-
slag pa 50 000 kr per ar for provtagningar-
na vid stationen W. Landskrona i Ore-
sund. Totalt motsvarar detta 1 176 000 kr
for kalenderiret 1989. SMHI bidrar med
resurser av minst samma storlek i form av
sin basverksamhet. Till detta skall raknas
virdet av fartygstiden pd U/F Argos
(ca 50 000 kr per dygn) som staten bidrar
med via Fiskeristyrelsens anslag.

The Environmental Protection Agency has
contributed SEK 1 176 000 towards the
costs for 1989 and SMHI contributes with
resources to at least equal value. In addi-
tion to that the Government contributes
ship time through the R/V Argos of the
National Swedish Board of Fisheries. The
valueof this is at least SEK 50 000 per day.

Stig R. Carlberg



3.

Hosten 1988 var mild i nédstan helalandet;
i sydsverige kom en kortare koldperiod i
november. Vintern blevmycket mildis6dra
delarna av landet med mattliga méingder
nederbord, vilken f6ll som sné endastiden
norra halvan av landet.

Havsisens utbredning anses vara den
minsta sedan regelbundna observationer
boérjade. Is av betydenhet fanns endast i
Bottenviken och i norra Bottenhavets
skdrgardar.

Vadret blev under varen och sommaren
ndgot varmare och torrare dn normalt.
Hosten blev sedan lika mild som de tva

RESULTAT OCH DISKUSSION

foregdende dren men mestadels med lite
mindre nederbord.

Temperaturen i havsvattnet blev foljakt-
ligen nigot hogre 4n normalt under hela
aret, mest mirkbart under vintern och
under héstmanaderna.

Narsalterna okar langsamt i vdra omgi-
vande hav. Halterna ar dock inte hogre dn
att i stort sett alla nérsalter i det 6vre
vattenskiktet tas upp under perioder
med hog biologisk produktion.

Nigot betydande inflode av friskt syrerikt
vatten fran Visterhavet till Ostersjon har
ej forekommit under aret.

3.1 Oceanografi i

Skagerrak

De oceanografiska forhillandena i
Skagerrak harinte undergatt nagra
pavisbaraldngsiktiga forandringar.
Temperaturen har varit ett par
grader hogre 4n medelvirdet for dren
1968-85, under i stort sett hela aret.

Saliniteten uppvisar ett traditionellt -
monster. Som fig. 3 visar finnsiden
centrala delen en kdrna av hogsa-
lint ytvatten. Langs svenska och
norska kusternamirksden Baltiska

2
27
B
29
. )
- 5
/) 4
>33 :

strommen med uppblandatlagsalint

Ostersjovatten. Lings Danmarks
nordkust kommer den Jutska
strommen som tydligt framgar av

Fig.3 En bild pa saltvattnets utbredning i

ytan i Skagerrak och Kattegatt
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Fig. 4 Snittet Oksg-Hanstholm dér Baltiska strbmmen syns vid norska
kusten (t.v.) och den Jutska strdmmen vid danska kusten (t.h.).
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Fig. 5 Den helt 6vervagande delen av Skagerraks vatten haller
h6ég salthalt. Pa svenska sidan, vid Hall6, syns den Baltiska
strbmmen ga norrut nara kusten.
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fig. 4. Den Jutska strommen har inte sa
lag salthalt som den Baltiska strommen.
Som framgar av fig.5innehaller Skagerrak
till helt 6verviagande delen vatten med
salthalt omkring eller 6ver 35 PSU.

Syrgasforhillandena har varit helt till-
fredsstdllande under hela aret. De ldgsta
méttnadsviardena, omkring 75%, har
uppmaitts pa djup, mer dn 400 m.

Nairsalterna fosfat och nitrat i Skagerrak
visar en svag uppgang. Halterna varierar
dock mycket bade geografiskt och med
arstiden. Vid expeditionen pa vintern -
ménadsskiftet februari/mars - fanns rela-
tivt hoga koncentrationer nitrat 6ver hela
havsomridet som framgar av fig. 6. Den
Jutska strommen holl omkring 25 pmol/l
NO,-N, som efter passagen av Skagen

spreds till storsta delen norrut till Skager-
rak men &ven till en del ned till Kattegatt.

Under vegetationsperioden - viren och
sommaren - forbrukasistort sett all nitrat
i ytvattnet, ned till 20-40 m djup. Detta
framgar tydligt i fig. 7. frdn snittet Oksg-
Hanstholm sista veckan i augusti. Vid
dettatillfille kunde den Jutska strommen
¢j observeras, méjligen fanns den mycket
nira land, innanfér station 1 (3 dist.min.
fran kusten). Fosfat, som PO,-P, uppvisar
i stort sett en identisk bild, bade geogra-
fiskt och arstidsmaéssigt.

Under april och maj manads expeditioner
- under den utokade planktonovervak-
ningen - togs ett stort antal fytoplankton-
och klorofyllprover férdelade 6ver hela hav-
somrdadet.

. N )

Fig. 6 Nitratets utbredning 6ver Skagerrak-Kattegatt
vid manadsskiftet februari-mars.
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Fig. 7 Nitratets utbredning i ett snitt Oksg-Hanstholm 30 augusti.
| stort sett all nitrat har férbrukats i ytvattnet ned till 20-40 m djup.

Kattegatt

Temperaturen i Kattegatts vatten var ett
par grader varmare &n normalt under i
stort sett hela aret.

Salthaltsfordelningeniytvattnet somsyns
i fig. 3 visar en vanlig situation i Katte-
gatt. Fig. 8 visar ett langdsnitt langs dju-
pa rdnnan, fran Kullen till Vinga. Léngs
svenska kusten gir den Baltiska strom-
men med ldgre salthalt. Den Baltiska
strommen &ar ibland koncentrerad och
kraftignédraland, ibland utbredd 6ver stor
yta i Kattegatt och dr da svagt utvecklad.

Oxygenforhdllandena i Kattegatts bot-
tenvatten har varit otillfredsstallande
under ett flertal ar, sd dven under en del
av sistlidna ar. Vid drets borjan och sedan
under vintern var oxygenkoncentrationer-
na fullt tillfredsstillande 6ver hela havs-
omréidet. Mittnaden 14g nidra 100 % i
bottenvattnet dven 6ver de omraden som
hade de ldgsta virdena under foregdende
sensommar och host.
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Forbrukningen avoxygen gick inte fullt s&
langt under sista aret. Fig. 9 visar ett
langdsnitt genom Kattegatt diar endast de
grunda omrddena nidrmast Kullen visar
riktigt ldga vidrden. I de grunda omridena
i Skilderviken och Laholmsbukten upp-
mittes dock viarden néra noll vid expedi-
tionen sista veckan i september. Vid den
drstiden brukar forhidllandena vara som
sdmst.

Vid expeditionen i november hade forhéal-
landena blivit mycket béattre. De ldgsta
virdena, omkring 3 ml/l, uppmiittes lokalt
inne i Laholmsbukten. Katlegall i vrigt
hade fullt tillfredsstdllande forhdllanden.

Trenden med 6kande mingder nérsalter
gor sig géllande dven i Kattegatt. Under
vintern frigores nédringen och spridsi hela
vattenmassan. Ett exempel visasi fig. 10,
nitrat i ett lingdsnitt genom Kattegatt.
Nar den biologiska produktionen bérjar
pi varvintern forbrukas nirsalterna
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Fig. 8 Salthalten i ett I&ngdsnitt fran Kullen till Vinga.
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Fig. 10 Nitratet ett langdsnitt genom Kattegatt under januari 1989.
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Fig. 11 Nitrat i ett snitt genom Laholmsbukten 11 april.
All nitrat har férbrukats ned till omkring 18 m djup.

mycket snabbt. Fig.11 visar ett exempel
pa attistort sett all nitrat tagitsuppinom
ytskiktet redan i bérjan pa april. Detta
sker varje ar. Under 1988 lag termo/ha-
loklinen pa 12-14 m djup medan den under
sista dret 1ag pa 18-20 m djup. Nérsalts-
forbrukningen dgde alltsi rum inom en
vattenvolym som var ca 30 % storre &n
under 1988.

Under 1988 uppstod obalans mellan nér-
salterna och en organism reagerade ovin-
tat med att bli toxisk (Chrysochromulina

KULLEN ANHOLT E

L:a MIDDELGRUND

polylepis).1den storre volymen under sista

aret okade Chrysochromulina till nastan
lika stora antal som dret innan men utan
att fa de obehagliga foljderna.

Exemplet 1 fig.11 géller ocksa for fosfat,
PO ,-P och Silikat, SiO,.

De laga nédrsaltviardena i ytskiktet kvar-
stir sedan genom hela sommaren - med
mindre variationer - till 1dngt in p4 senho-
sten. Fig. 12, 13 och 14 visar NO,-N, SiO,
och PO,-P i langdsnitt genom Kattegatt
sista veckan i augusti.

FLADEN SW VINGA

80 - NOj-N pmol/1
UIF ARGOS

1989-08-29

100 |-

0C.2AR-07 AT

KATT EGATT

Fig. 12 Nitratmangderna i ytskiktet ned till omkring
20 m djup &r sa laga att de knappt ar matbara.
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Fig. 13 Silikatmangderna i ytskiktet ned till omkring 20 m
ar laga i jamférelse med mangderna i bottenvattnet.
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Fig. 14 Halterna PO,-P i ytskiktet ned till omkring 20 m &r under
sommaren oftast under matmetodens detektionsgrans.

Oresund

Overgéngsomradet mellan Visterhavet
och Ostersjon visar storre likheter med
Kattegatt &an Ostersjon men har stora
variationer i exempelvis salthalten. Tem-
peraturen i Oresunds vattenmassa har
varit hogre 4n normalt liksom i de andra
havsomradena.

Under vintern dar oxygenforhillandena
mestadels goda, endast ilokala djuphélor

kanuppmitasnamnvird nedgang. Fig. 15
visar oxygen i ett snitt genom Oresund
sista veckan i september.

Tillforseln av nérsalter fran de stora sté-
derna runt Oresund &r mycket stor varfor
miéingden nérsalter i Oresunds vatten blir
stor men varierar ocksa mycket p4 grund
av hur kraftig stromsittningen ar i sun-
det.

25



Kullen 0w S Helsingborg

Stevns klint

ORESUND

\ T

~—

Fig. 15 Oxygen i ett Iangdsnitt genom Oresund sista veckan i september.
Endast i de djupare delarna fanns allvarlig oxygenbrist.

Ostersjon

Temperaturen i Ostersjons vatten, ned till
haloklinen, har hela dret varit ndgon eller
nagra grader hogre 4n medeltemperatu-
ren for dren 1968-86. Som exempel upp-
mittes 3.70 °C i ytan vid Gotlandsdjupet
den 26 januari mot 2.28 °C i medeltempe-
ratur. Temperaturen pa 50 m uppmaittes
till1 3.75 °C mot 2.48 °Cimedeltemperatur.
Inovember uppmaittes 9.13 °C mot 6.94 °C
i medeltemperatur, en skillnad pd mer &n
2 grader.

Salthalten i Ostersjons évre vattenskikt
visar inga bestdende dndringar. I djup-
vattnet i exempelvis Gotlandsdjupet pa
200 m djup fortsiatter ddremot en utsot-
ning som pigattimer 4n 10 4r. Inovember
1988 uppmaittes 11.675 PSU och i novem-
ber 1989 11.548 PSU. En minskning av
0.127 PSU pa ett ar. Medelviardet for
perioden 1968-86 ligger pa 12.532 PSU
vilket alltsd innebidr att salthalten i
november 1989 var 0.984 PSU léigre dn
medelviardet.
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Oxygenforhallandena i Ostersjon har inte
fordandrats ndmnvirt de senaste gren. I
vattenmassan fran ytan ned till halokli-
nen ir oxygentillgdngen helt tillfredsstail-
lande. Under haloklinen diremot avtar
oxygenet mycket snabbt. Fig. 16 visar
ommraden med oxygenviarden ligre dn
2 ml/1 och omridden med svavelvite vid
véra expeditioner under aret.

Soder om Skines kust varierar oxygen-
halten i vattnet under haloklinen, om-
kring 43 m, ganska mycket. Oxygenhalten
kan ga ned till ganska ldga virden men
négon totalbrist har inte uppmatts.

I Hanobukten, under haloklinen pa 55-
65m, har det hela aret varit brist pa oxy-
gen och svavelvite har funnits i botten-
vattnet under storre delen av dret. Hogsta
koncentrationen av svavelvite uppmit-
tes 1 november; 26.4 pmol/l.
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Fig. 16 visar omraden med oxygenméngder
under 2 ml/1 och svavelvite ZZ2
vid de fyra expeditioner som genomfordes under aret.

Bornholmsomradet har haft ndgot battre
forhallanden. Dar fanns smd méngder
oxygen fran rets bérjan till in p4 somma-
ren. Vid expeditionen i slutet av augusti
fanns 4ter svavelvite; den 21 augusti
uppmiittes 3.6 nmol/] och foérhillandena
forsamrades sedan och den 17 november
uppmaittes 19.9 pmol/l.

I sydostra Ostersjon, vid stationen
BCS III-10, var utvecklingen den motsatta
mot Bornholmsdjupet. Dir forbdttrades
oxygenforhéllandena under éret. I janua-
ri uppmaittesibottenvattnet 0.84 ml/l oxy-
gen. Imaj 1.68 ml/, i augusti 2.59 ml/l och
i november 3.09. Oxygenméngder pa 2.5 -
3.0 ml/ ar dér vanligast.

Oxygenforhéllandena i Gotlandsdjupet
har inte undergatt nigra storre forand-
ringar. Stagnationen dr djup ochléing-
varig.

Fig. 17a visar oxygen i ett langdsnitt ge-
nom sédra Ostersjén och 6ster om Gotland
(betraffande stationer se fig. 1). Svavel-
vite har funnits hela dret, mestadels fran
125 m djup till botten. Koncentrationerna
har hela aret varit 6ver 60 numol/l och i
augusti uppmadttes 6ver 100 pmol/l.

I djupomradena i nordéstra Ostersjon har
funnits svavelvite i bottenvattnet hela
dret. Hér har gransytan for 2 ml/l oxygen
mestadels legat pd omkring 90-95 m djup.
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Fig. 17 visar ett vil genomblandat och oxygenrikt ytvatten ned till omkring 80 m.
Dérunder avtar oxygenet snabbt och svavelvite bildas i djuphédlorna.

I omrddet mellan Gotland och fastlandet
har forhallanden varierat under aret.
Under vintern fanns svavelvite i botten-
vattnet i Norrképingsdjupet. Vid expedi-
tionen i augustifanns daremot svavelvite
fran 300 m och ned till botten i Landsorts-
djupet. Ovriga tider har funnits sma
maéngder oxygen i bottenvattnet. Fig. 17b
visar situationen vister om Gotland sista
veckan i augusti. Gransytan for 2 ml/l har
legat p4 80-90 m djup. Oster om Segerstad
(Oland) pa omkring 75 m djup uppmittes
underjanuari 1.75,imaj/juni 6.16,1augusti
3.68 ochinovember 2.76 ml/1, alltsa mycket
variationsrikt.

Tillgdngen péa néarsalter, fosfor som PO,-P
och kviave som NO,-N, varierar mycket i
Ostersjons ytvatten ned till termoklinen.
Trenden gar mot langsamt 6kande méing-
der men under vegetationsperioden - var
sommar - forbrukasistort sett all tillgdng-
lig 16st nédring, Halterna blir sd ldga att de
ar knappt méitbara.

Kiselsyra, SiO,, finns i nagot rikligare
mangd och tas inte helt upp av produktio-
nen nigon gang under sommaren.
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En tidsserie, gjord pa observationer av
vinterviarden under dren 1975-89, visar
att silikatméngderna i ytvattnet (0-30 m)
langsamt minskar. I skiktet strax under
haloklinen (80 m) ar, som framgar av
fig. 18 minskningen dnnu tydligare.

Tabell 1 visar under aret uppmitta nér-
saltsvarden i yt- och bottenvattnet vid
nagra stationer i Ostersjon.

Nirsaltsvardena i bottenvattnet i Oster-
sjon varierar mycket mindre dn i ytvatt-
net. Genom att cirkulationen i vattnet
under haloklinen 4r mycket langsam och
vattnet dessutom ar helt stagnant i de
djupare omridena ansamlas nirsalterna
ibottenvattnet. Vardena ar darfor mycket
hogre dn i ytvattnet. Se tabellen.

Nitratvardena vid stationer med svavel-
vate druppmaitta ovanfor svavelvitet. Vad
som kan anses anmérkningsvirt ér de
héga silikatvardena. Sa hoga varden som
144 pmol/l har tidigare inte uppmaitts i
Gotlandsdjupet eller i 6ppna Ostersjon.



Tid

Jan

Maj

Aug

Nov

Tid

Jan

Maj

Aug

Nov

Ytan
Botten

Ytan
Botten

Ytan
Botten

Ytan
Botten

Ytan
Botten

Ytan
Botten

Ytan
Botten

Ytan
Botten

Under 1989 uppmatta nérsaltsvérden pa ett urval stationer | Ostersjén.

0.53
0.99

0.12
247

0.10
2.85

0.28
2.22

0.73
3.33

0.08
3.2

<0.02
4.2

0.19
4.90

P betyder fosfatfosfor (PO4-P), N ar nitratkvdve (NO3-N),
S ér silikatkisel (SiO4-Si)

Arkona
N Si
3.16 11.8
6.43 36
<0.1 54
0.70 15
0.18 8.4
3.0 24
0.26 45
7.4 40
Finska vikens
mynning
N Si
6.17 15.6
6.94 38
<0.1 8.1
6.6 45
<0.1 6.2
10.1 60
0.87 5.7
8.0 62

Tabell 1

Bornholmsdjupet
P N Si
0.65 3.00 14.2
5.22 9.61 68
015 <041 8.9
2.50 11.5 62
0.08 018 9.0
5.51 75 80
0.21 022 24
7.0 40 80
Landsortsdjupet
P N Si
0.60 402 171
3.51 6.20 62
0.13 <01 7.9
3.6 6.0 57
0.04 023 10
41 7.2 65
0.33 1.58 15.6
41 6.7 57

Méangderna angivna i pmol/l.
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Gotlandsdjupet

P N Si
0.48 3.09 10.2
6.2 10.3 131
0.09 <0.1 7.6
6.5 8.3 12.6
0.04 0.10 7.4
7.6 11.2 144
0.18 0.52 4.6
7.3 75 102

St Karlsé djupet

P N Si
0.67 357 16.7
3.20 6.50 61
0.26 <0.1 15.3
3.6 71 59
0.03 <0.1 10.9
4.32 8.2 64
0.28 073 1.0
2.7 7.3 53
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Fig. 18 Gotlandsdjupet, dygnsmedelvarden for silikat dec-feb 1975-89

Bottenhavet

Den osedvanligt milda vintern medforde
att havsvattnet inte nedkyldes som van-
ligt. Islaggning férekom endast i de nord-
ligaste skidrgardarna. Uppvarmingen
skedde normalt. Vid stationen F 26 mitt i
Bottenhavet steg temperaturen i ytvatt-
net fran 2.1 °C den 3 maj till 4.9 den
29 maj. Fig. 19 visar temperaturfordel-
ningen i ytan 6ver Bottniska viken sista
dagarna i maj. Att notera ér de flackvisa
relativt stora skillnader i temperatur som
ligger forhallandevis néra varandra i ett
havsomrdde som i 6vrigt har sma tempe-
raturskillnader. Hostens ytvattentem-
peraturer var ganska hoga, 6.3 - 8.4 °C

den 5-10 november. Fram till 18-19 de-
cember sjonk ytvattentemperaturen till
1.97-3.82 °C.

Oxygenforhallandena var i stort sett helt
tillfredsstdllande. Endast i de djupaste
omridena kunde uppmitas nigon ned-
gdng av betydelse. Det légsta vardet 4.07
ml/1 uppmaittes pa 200 m djup vid statio-
nen US 5B den 7 november. Detta virde
motsvarar 44 % mittnad. Mattnadsgra-
den ligger néstan alltid hogre dn 65 % 1
bottenvattnet pa djup storre dn 100 m.
Hogre upp dr méttnaden alltid 6ver 90%
under hela aret.
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NairsaltsforhallandenaiBottenhavet skil-
jer sig nagot fran forhallandena i Oster-
sjon. Méangden fosfat, PO,-P, ar mycket
lag i ytvattnet, under vintern 0.25 - 0.30
pmol/l. Niar produktionen kommer igidng
pa varen forbrukas i stort sett all fosfat
mycket snabbt, méngderna &r knappt
miétbara 0.01 - 0.02 pmol/l redan i borjan
p4 maj. Mingden fosfatfosfor forblir se-
dan lag langt in pa senhosten. Vid expedi-
tionen 5-10 november lig de uppmitta
vérdena oftast omkring 0.10 pmol/l. Stora
lokala avvikelser fanns pd nigra fa plat-
ser, 0.02 - 0.20 pmol/l.

Vid expedition 18-19 december uppmaittes
pé néstan alla stationer 0.20-0.30 pmol/l
alltsd normala vinterviarden.

Foérhéllandena kvave/fosfor (NO/PO,) ar
alltid mycket hogre i Bottenviken &n i
Bottenhavet och i Ostersjon. Normala
vintervirden for nitrat ligger pd omkring
4-5 pmol/l. Under véren tas i stort sett all
nitrat upp av produktionen. Matningar
gjorda 2 - 3 maj ger métviarden pa drygt
2 nmol/l i norra Bottenhavet och bara 0.10
i Alands hav.

Som framgér av fig. 20, frAn manadsskif-
tet maj/juni, uppmittes mindre 4n 0.5
pmol/l &nda ned till 40-60 m djup over
storredelen avhavsomradet. Nitratméng-
derna forblev sedan laga till langt in pé
hosten. Fig 21 visar ett stort omride med
nitratméngder pa mellan 1 och 2 pmol/l 1
decentrala delarna avBottenhavet. Méang-
dennitratibottenvattnet liggeristort sett
ofordndrat pd omkring 7 pmol/lunder hela
dret.

Tillgdngen pa silikat, kiselsyra, d&r mycket
god i Bottenhavet. Under vintern finns i
ytskiktet - ned till 40-50 m djup - 10-20
pmol/l och under produktionsperioden
minskar médngden till 8-10 pmol/l. Botten-
vattnet innehdller mer én 30 pmol/l under
hela aret.

T

Fig. 19 Temperatur i ytvattnet under
varexpeditionen.
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Fig. 20 Ett langdsnitt genom Bottniska viken visar nitrathalterna.
I centrala och sodra Bottenhavet har i stort sett all nitrat tagits upp.
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Fig. 21 Fortfarande i bérjan pd november &dr nitratméngderna laga
ned till 40-50 m djup.
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Bottenviken

Aret i Bottenviken var normalt. Isligg-
ningen blev i stort sett normal, isen brot
upp nigon dag tidigare dn medeltalet.

Uppviarmningen kom igdng tidigt. Tem-
peraturfordelningen i ytvattnet vid ma4-
nadsskiftet maj/juni visasi fig. 19. Aven i
Bottenviken finns stora temperaturskill-
nader lokalt. Temperaturutvecklingen
under aret i 6vrigt har foljt normalt méns-
ter.

Salthalten har inte undergatt ndgra no-
terbara forandringar.

OxygenforhdllandenaiBottenviken dr helt
tillfredsstéllande. Det ldgsta uppmiitta
oxygenviardet ar 7.23 ml/] eller 81% i no-
vember vid stationen F 9 utanfor Skellef-
tehamn.

Fosfatfosforméngderna, PO,-P, ér &nnu
ldgre i Bottenviken jamfort med Botten-
havet. De hogsta uppmitta méngderna
ligger p4 omkring 0.10-0.15 pmol/l. Under
produktionstiden upptages i stort sett all
fosfat och dterstdende méngder &r sé laga
att de ej 4r mitbara.,

Kvéve, som nitrat, finns i fullt tillrackliga
mingder. Normala vintervidrden ligger
omkring 7-8 pymol/li hela vattenmassan.
Under var/sommar forbrukas endast en
liten del av nitratet i det ovre vatten-
skiktet, kvar blir 4-5 pmol/l

Mingden silikat d4r mycket hoég i hela
Bottniska viken. Detta framgér av fig. 22.
IBottenviken ligger de uppmaitta virdena
alltid hogre 4n 20 pmol/l och i Bottenhavet
som lagst 8-10 pmol/l.

Fi18 Fi6 FI3 BO3 RRS F3 F2

F33 SRS . F26 F 22 F24

200

250

>7.

Fig. 22 Silikatméangderna éar forhallandevis hoga dven nér produktionen
ar som storst pa forsommaren. ‘
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RESULTS AND DISCUSSION
THE OCEANOGRAPHIC CRUISES

In general the climatic conditions were
similar to the situation in the previous
year. The autumn of 1988 was mild almost
all over the country; only in southern
Sweden was a cold period in November.
The winter was very mild in the south and
precipitation was moderate and mostly as
rain. Snow was received only in the nort-
hern half of the country.

The extent of sea ice was the smallest since
regular observations were started. Only in
the Bothnian Bayandinarchipelagoareas
of the Bothnian Sea continuous layers of
ice were found.

The Skagerrak

Nolong term changes of the oceanographic
conditions have been noted. The tempera-
ture of the water above the halocline has
been a few degrees higher than the mean
value for the period 1968 - 85.

Surface salinities follow a well-known
pattern. As can be seen in figure 3 a core of
high saline water usually resides in the
open Skagerrak. The Baltic water with its
lower salinity is clearly seen along the
Swedish and Norwegian costs. The North
Jutland Current is clearly seen along the
northern coastof Denmarkin figure 4. The
major part of the volume of Skagerrak
contains water with a salinity exceeding
35 PSU.

The weather in the spring and summer
periods was warmer and more dry than
normal. The autumn was as mild as in
1987 and 1988 but with less precipitation.
Consequently sea water temperatures were
higher than normal, particularly during
autumn and winter.

In general the nutrient concentrations are
increasing in all the sea areas studied.
However, in the euphotic zone the concen-
trations reach very low values during and
after the periods with high production.

There has not been any important inflow of
oxygen rich water to the Baltic during
1989.

Oxygen conditions were good during the
whole year. The lowest concentrations,
corresponding to about 75 per cent satura-
tion were found on depths exceeding 400 m.

There was a slightlv increasing trend of
nitrate and phosphate in the water, but the
actual concentrations vary considerably in
space and time. At the time of the winter
cruise in February - March rather high
concentrations of nitrate were found in the
entirearea (figure 6). The Jutland Current
contained about 25 umol /I NON which
was distributed both northward to Ska-
gerrak and southward into the Kattegat.
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During the production period in spring
almost all nitrate is depleted down to 20-
40 m and the low concentrations persist
during summer. An example is shown in
figure 7 with observations on the transect
Oksp - Hanstholm. At that occasion the
Jutland Current was not observed. How-
ever, it may have been present inside sta-

The Kattegat

The temperature of the surface layer was a
few degrees higher than normal during
almost the whole year.

The salinity distribution as shown in figu-
re is quite normal for the area. In figure 8
is shown a section along the deep furrow in
the eastern Kattegat from Kullen to Vinga.
The Baltic Current with its low salinity is
contained along the Swedish coast. The
current Is sometimes concentrated in a
narrow band close to the shore and at other
times it is more widely spread overa larger
area.

The oxygen conditions in the Kattegat deep
water has continited to be a problem in late
summerand autumn during several years.
At the beginning of the year and during the
winter the conditions were good in the
entire area with oxygen content close to 100
per cent saturation also in the deep water
of those areas normally effected.

The oxygen depletion in 1989 was not as
severe as in 1988, neither in geographical
distribution nor in time. Figure 9 shows a
section where only the shallow areas in the

tion 11, less than 3 nautical miles from the
shore. The phosphate variations in time
and space is very similar to that of nitrate.

During the cruises in April and May a
great number of phytoplankton and chlo-
rophyll samples were taken as part of an
increased plankton bloom surveillance
programme.

vicinity of Kullen are depleted. However,
in the shallow areas of Skdlderviken and
Laholmsbukten concentrations of oxygen
were close to zero at the end of September.

At the cruise in November conditions were
quite normal again in the open areas of
Kattegat. The lowest concentrations, about
3 ml/l, were measured at local spots in
Laholmsbukten.

The trend with increasing concentrations
of phosphate and nitrate can be seen alsoin
the Kattegat. During the winter nutrients
are released i.a. from decomposing orga-
nisms and concentrations increase in the
water masses. In figure 10 is shown an
example. When the biological production
starts in late winter or early spring the
nutrient supply is quickly depleted. This is
shown in figure 11where almost all nitrate
has been consumed in the surface layer
already in early April. In 1988 the thermo-
and haloclines were found at 12 - 14 m. In
the spring of 1989 the stratification was at
18 - 20 m and consequently the nutrients
were depleted in a volume which was about
30 per cent larger than in 1988.
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During the spring 1988 there was an im-
balance between the concentrations of
nutrients and one organism, viz. Chry-
sochromulina polylepis, created a mass
bloom which for the first time was toxic. In
the larger volume of the surface water in
1989 the same algae mass developed but
without any toxic effect.

The Sound

The oceanographic conditions of this tran-
sition area are in general more similar to
the Kattegat than to the Baltic. Also in the
Sound the surface temperatures were hig-
her than normal during the year.

The oxygen conditions were good during
the winter and only in some local deep
areas the oxygen content was decreased. In
figure 15 is shown a section through the
Sound in late September.

The Baltic Proper

Thetemperature ofthe Baltic surface water
above the halocline has been one or a few
degrees warmer than the mean temperatu-
re for the period 1968 - 1986. As anexample
3.70 °Cwas observed as a surface tempera-
ture at the Gotland Deep on 26 January as
compared to the mean temperature of
2.28 °C. At 50 m depth 3.75 °C was obser-
ved as compared to the mean temperature
of 2.48 °C. In November 9.13 °C was obser-
ved, a difference of more than 2 °C from the
mean value of 6.94 °C.

Theexample showedin figure 11for nitrate
is also representative for phosphate and
silicate.

The low concentrations of nutrients in the
surface water remain, with some fluctua-
tions, until the autumn. In figures 12, 13
and 14 are shown the situation in late
August.

The concentrations of nutrients in the
Sound are high due to the supply from the
densely populated areas. However, the
concentrations vary considerably in time
depending on the rapid transport of water
masses tothe north andtothesouththrough
the Sound.

There were no persistent changes in the
surface water salinity in the Baltic Proper.
In the deep water of the Eastern Golland
Basin the salinity decreases continuously
since more than 10 years in the bottom
water below 200 m. In November 1988
11.675 PSU was observed and in Novem-
ber 1989 11.548 PSU or a decrease of
0.127 PSU in one year and 0.984 PSU
lower than the mean value of 12.532 for the
period 1968 - 86.
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The variations in the oxygen conditions
show the same picture as during previous
years. In the water masses from the surface
to the halocline the oxygen conditions are
always favourable. Below the halocline the
oxygen concentrations are generally low.
In figure 16 are shown the areas where the
deep water contained either hydrogen sul-
phide or less than 2 ml /1 of oxygen during
the four cruises carried out in 1989.

South of Skdne the oxygen content varies
considerably below the halocline. Very low
concentrations were observed but the wa-
ter never entirely depleted of oxygen.

In the Hano Bay there was a deficiency of
oxygen below the halocline at 55-65 m the
whole year and hydrogen sulphide was
found in the bottom water most of the time.
The highest concentration of hydrogen
sulphide, 26.4 umol/l was observed in
November.

The conditions were somewhat better in
the Bornholm Basin. Oxygen was present,
although in low concentrations, until
summer. At the end of August hydrogen
sulphide was again observed (3.6 umol /1)
andon 17 November the concentration had
increased to 19.9 umol /1.

In the south-eastern part of the Baltic, at
the station BCS III-10 the development
was the opposite to that of the Bornholm
Basin as the oxygen conditions improved
during the year. In January the bottom
water contained 0.84 ml/l of oxygen, in
May 1.68ml/l, in August2.59ml/landin
November 3.09 ml/l.

The oxygen conditions in the Eastern Got-
land Basin has really not changed signi-
ficantly during the last years. The stagna-

tion is deep and long-lasting. Figure 17a
shows a transect trough the Baltic Proper
east of Gotland. Hydrogen sulphide was
present all the time, usually from 125 m to
the bottom. The concentrations were all the
time exceeding 60 umol/l and in August
more than 100 umol /1l was observed.

In the deep areas in the north-eastern part
of the Baltic proper hydrogen sulphide was
present in the bottom water the whole year.
The concentration limitof 2ml/lofoxygen
was mostly found at 90-95 m.

Inthe area between Gotland and the main-
land of Sweden the conditions were chang-
ing during the year. During the winter
hydrogen sulphide was present in the
Norrkoping Deep. At the time for the expe-
dition in August hydrogen sulphide was
presentinthe Landsort Deep from 300 m to
the bottom but earlier in the year low
concentrations of oxygen were present in
the bottom water. Figure 17b shows the
situation east of Gotland during the last
week in August. The concentration limit of
2ml/lwas at 80-90 m. East of the stations
at Segerstad (southern part of Oland)

1.75 ml/l was recorded in January, 6.16
ml/lin May, 3.68ml/lin Augustand 2.76
ml/l in November.

The supply of nutrients - nitrate and phos-
phate - varies considerably in the surface
layer down to thethermocline. There seems
to be a trend towards increasing concen-
trations. However, during the vegetation
period in spring and summer the nutrients
are more or less depleted and the concen-
trations reach below the detection limits of
theanalytical methods. Silicate never seems
to become entirely depleted and is possible
to analyze also during the vegetation pe-
riod.
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A time trend series, based on observed
winter values in the period 1975-89 shows
that the silicate concentrations in the sur-
face water (0-30 m) decrease slowly. In the
layer just below the halocline (80 m) the
decrease is even more obuvious as is shown
in figure 18.

In table 1is compiled a summary nutrient
concentrations observed in the surfaceand
bottom waters of some key stations in the
Baltic.

The nutrient concentrations of the deep
water does notvary by faras much asinthe
surface water. As the circulation of the

TheBothnian Sea

Asaresultoftheunusually mild winter the
sea water was never cooled down to form a
normal situation. Consequently, ice cover
was formed only in the northern part of the
archipelago. After the winter the heating of
the water mass progressed normally. At
the station F26 in the open sea area the
temperature rose from 2.1 °C on 38 May to
4.9 °C on 29 May. Figure 19 shows the
temperature distribution in the surface
water in late May. The patchiness can
easily be seen. In the autumn the surface
water temperatures were rather high; 6.3 -
8.4 °C in the period of 5-10 November.
Then the temperature decreased to 1.97 -
3.82 °C until 18-19 December.

The oxygen conditions were satisfying. Only
in the deepest parts some low values could
be noted. The lowest value recorded was
4.07 ml/lat 200 m at the station US 5B on

water below the halocline is very slow and
oxygen is depleted in most of the deep areas
the nutrients are accumulating in the bot-
tom water (see table 1).

At stations where hydrogen sulphide is
present the nitrate values are quoted from
depths close to but above the hydrogen
sulphide. Some of the silicate concentra-
tions are remarkable. Concentrations as
high as 144 umol/l were never reported
before from the Gotland Deep or other
parts of the Baltic Proper.

7 November. This corresponds to 44 per
cent saturation. In the deep water, at depths
greater than 100 m the saturation was
almost always higher than 65 per cent.
Above this depth the saturation always
exceeded 90 per cent.

The nutrient conditions in the Bothnian
Sea are different from the Baltic Proper.
The phosphate concentrations are low in
the surface water; 0.25 - 0.30 umol/l

during the winter. During the vegetation
period phosphate is rapidly consumed and
concentrations reachthe 0.01- 0.02

umol [llevel already in early May. The low
concentrations then prevail until the late
autumn, During the cruise § - 10 Novem.-
ber most concentrations were around 0.10
umol /1. Some local differences were found
with values of 0.02 - 0.20 umol /1.
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During the cruise 18 - 19 November nor-
mal winter values of 0.25 - 0.30 umol/l
were measured at most of the stations.

Thequotient between nitrate and phosphate
is higher in the Bothnian Sea as compared
to the Baltic Proper. Normal winter values
for nitrate are about 4 - 5 umol /l. During
the spring nitrate is consumed by the
production ofplankton. Observations on 2-
3 May showed about 2umol/l in the
northern part of the Bothnian Sea as
compared to only 0.10umol/l in the
Aland Sea.

It can be seen in figure 20 that in late May
and early June concentrations were gene-

The Bay of Bothnia

In this sea area the conditions were fairly
normal. The ice cover was normal and the
ice broke up some days before the usual
date.

The heating of the surface water started
somewhat early. The temperature distri-
butionin late May and early June is shown
in figure 19. Also in the Bothnian Bay
large differences may occur between diffe-
rent areas. During the rest of the year the
temperature development has followed its
normal cycle.

The salinity has not showed any important
or unexpected variations during 1989.

The oxygen conditions were very satisfying
during the whole year.The lowest value
was 7.23 ml/l or 81 per cent saturation at
the station F'9 in November.

rally less than 0.10 umol/l down to 40-
50 m. Low concentrations prevailed until
lateautumn. In figure 21 is shown thatin
large areas the nitrate concentrations
were between 1 and 2 umol /. In the bot-
tom water the concentration is stable
around 7 umol /I the whole year.

The supply of silicate is very good in the
Bothnian Sea. During the winter the sur-
face layer contained 10 - 20 umol /1l down
to 40-50 m and in the production period
the concentrations were 8 - 10 umol /l. The
bottom water contained more than 30
umol /1 all the time.

The phosphate concentrations are lower
in the Bothnian Bay than in the Bothnian
Sea. The highest values observed were
around 0.10 - 0.15 umol/l. During the
vegetation period the concentrations are
too low to be determined in the analyses.

The supply of nitrate is sufficient for the
production. Normal winter values are
around 7 - 8 umol/l in the entire water
mass. During spring and summer only a
part of this is consumed and some 4 - 5
umol/l remain in the surface water.

The concentrations of silicate are high in
the entire Bothnian Bay as can be seen in

figure 22. The observed values are always
higher than 20 umol /1.

Sven Engstrém
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3.2 PETROLEUMKOLVATEN

Termen petroleumkolviten anvinds héar
som ett samlingsbegrepp for att beteckna
fororeningar som hirstammar fran mine-
raloljor. Den analysmetod som anvands
gor ingen skillnad mellan d&mnen som
kommer direkt fran oljan och de somtillfors
havet genom att férbranningsprodukter
avoljaeller kol transporterastill havet via
atmosfaren.

Den analysteknik som anvands(fluo-
rescensfotometri) dr alltsa inte en-
tydigt specifik for oljeféroreningar
och tekniken har rekommenderats
som ett snabbt och relativt billigt
hjdlpmedel att hitta forhéjda halter
i havsvattnet.

De stationer som anvands for prov-
tagningen visas i figur 23. Resulta-
ten fran de tvd provtagningsom-
gidngarna i mayj - juni respektive no-
vember redovisas i figurerna 24 och
25. Generellt sett 6verensstimmer
resultaten ganska vidl med medel-
vardena fran sjudrsperioden novem-
ber 1981 - november 1988 (figur 26).
Det finns emellertid ndgra undan-
tag. Vid varprovtagningen var hal-
terna forhojda i sodra Ostersjon pa
stationerna BY5 och BCSIII-10. De
nagot forhojda halterna torde réra
sig om kontamination av enstaka
prover. For att klargéra orsaken
kriavs tillgang till gaskromatograf
eller masspektrometer, si som re-
kommenderats i Helsingforskom-
missionens monitoringprogram.
Dessa resurser star emellertid inte
till forfogande for den monitoring
som utfors inom PMK.

Det &r viktigt att understryka att de hal-
ter som analysen ger skall behandlas som
indikationer pa fororening och inte som
exakta halter, vilka kan anvindasfort.ex.
massbalansberdkningar av férorenings-
mangder.

e PMK-Oljestation

61"

Fig. 23 PMK-Oljestationer
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Petroleumiolvdten (pg/!)
Medelvirden maj 1989

Fig.. 24 Medelvarden fran
provtagningar i maj 1989

Patroleumkolvidten (ug/!)
Medelvérden nov. 1989
Ojup ' m

10 m
0m

Fig. 25 Medelvérden fran prov-
tagningar i november 1989
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Petroleumkolviten {ug/I}

Medelviarden nov 1981 - nov 1988

Fig. 26 Medelvarden nov. 1981 - nov. 1988

PETROLEUM HYDROCARBONS

The term petroleum hydrocarbons is here
used as a collective term to describe pollu-
tion from mineral oils. The analytical tech-
nique used does not differentiate between
substances originating directly from oils
and combustion products from oil and coal
and which are transported through the
atmosphere to the sea.

The analytical technique used (fluorescen-
ce photometry) is not specific for oil pollu-
tion but it has been recommended as a
quick and relatively cheap tool to scan and
find elevated concentrations in the sea
water.

The sampling stations are presented in
figure 23, The results from the samplings
in May - June and November respectively
areshown in figures 24 and 25. In general
the results agree with the mean values

from the period November 1981 - Novem-
ber 1988 (figure 26). However, thereare a
few differences. At the sampling occasion
inspring some elevated concentrations were
found in the southern Baltic Proper on the
stations BY5 and BCS I11-10. This may be
the result from contamination of indivi-
dual samples. To solve this question it is
necessary to have access to gas chromato-
graphy or mass spectrometry as recom-
mended for the monitoring programme of
the Helsinki Commission. However, these
resources are not available to this part of
the national PMK programme.

It is important to emphasize that the re-
sults of the fluorescence analysis are to be
regarded as indications of pollution levels
and not as exact concentration figures,
suited for e.g. mass balance calculations.
Stig R. Carlberg



3.3 BOTTENFAUNA

Under maj-juniexpeditionen med U/F
Argosinsamladesbottenfauna programen-
ligt frdn de tre ingdende stationerna i
Kattegatt (SW Vinga, Fladen och Anholt
E)samt de femiegentliga Ostersjon (BY 2,
BY 5, BCSIII-10, BY 38 och ESE Nir).
Dessutom insamlades zoobenthos fran BO
3 och C VIiBottenviken déar provtagning-
en inte kunde ske i november 1988 p g a
hart vader.

SOFT BOTTOM FAUNA

During May-June 1989 macro zoobenthos
were collected on all stations in the Katte-
gat (SWVinga, Fladen and Anholt E) and
the Baltic Proper (BY 2, BY 5, BCS I11-10,
BY 38 and ESE Nar). In addition the
stations in Bothnian Bay (BO 38 and C VI)
which were not sampled in November 1988
due to bad weather, were visited.

Stationerna i Bottniska viken besoktes
med U/F Argos i november 1989. Botten-
fauna kunde insamlas frdn samtliga i
programmet ingdende stationer (F 64,
SR 1A, SR 5, US 6B, BO 3 och C VI).

Vid rapporteringsdatum 1990-04-01 be-
raknas 1989 ars prover fran egentliga
Ostersjon och Bottniska Viken vara klara.
1987 ars Kattegattprover ar fardiga och
analysarbetet pa 1988 ars Kattegattpro-
ver pagar.

During November 1989 sampling from all
stations in the Gulf of Bothnia (F 64,
SR 1A, SR 5, US 6B, BO 3 and C VI) was

succesful.

During the spring 1990 the analysis of all
samples for 1989 from the Baltic Proper
and the Gulf of Bothnia will be finished.
The samples from Kattegat for 1988 and
1989 are being processed.

Bengt Yhlen
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4. SARSKILDA STUDIER

4.1 PEX OCH SKAGEX AKTIVITETER UNDER 1989

PEX-86

Ett mote med PEX Study Group holls i
Gdansk, Polen, 11-12 april med 20 delta-
gare. Motet diskuterade PEX General
Report och de slutsatser som de olika
arbetsgrupperna kommit fram till. Aven
interkalibreringsresultaten och monito-
ringproblemen diskuterades. Darefter
behandlades planerna for en PEX-Atlas
och det planerade PEX-symposiet, som
skall arrangeras 1991 i Mariehamn. Ett
planeringsmoéte for symposiet besléts bli
arrangerat i Tallinn i april 1990. Darefter
behandlades planerna for SKAGEX.

SKAGEX-90

Under aret har planer utarbetats for att
arrangera ett program dir flera fartyg
skall deltaga i Skagerrak- och Kattegat-
tomradet. Intresset for detta har varit
stort och 6ver 15 fartyg viantas delta. Syf-
tet ar att forsoka fa en synoptisk bild av
stromforhillanden och narsaltsfordelning
1 omradet. Av speciellt intresse ar trans-
porten av néarsalter, framst nitrat, i Jut-
landsstrommen.

For laboratoriets del har en rapport over
de kemiska resultataten fran ARGOS’
deltagande i PEX utarbetats av Fonselius
och Valderrama och denna rapport kom-
mer att vara fardig for publicering i borjan
av 1990.

PEX General Report publicerades avICES
i mars 1989 som Cooperative Research
Report No. 193: Baltic Sea Patchiness
Experiment —PEX 86— Part I: General
Report, Vol. 1: Text och Vol. 2: Figures.

Forberedande méten har hallits 7-9 febru-
ari 1 Lund och 31 oktober-2 november i
Kiel. Ett slutligt planeringsmoéte halls 1
mars 1990 1 Gdynia.

SKAGEX utfors i juni 1990. Fran svensk
sida deltar prelimindart ARGOS, (SMHI
och Fiskeristyrelsen), SVANIC (Oceano-
grafiska Institutionen, Géteborgs Univer-
sitet) och ARNE TISELIUS (Kristinebergs
Marinbiologiska Station).



PEX AND SKAGEX ACTIVITIES IN 1989

PEX-86

A PEX Study Group meeting was held in
Gdansk, Poland, 11-12 April with 20 par-
ticipants. The meeting discussed the PEX
General Report and the conclusions writ-
ten by the different working groups. Also
the results of the intercalibrations and the
monitoring results were discussed. Then
the plans for the PEX Atlas and the PEX
Symposium, which will be arranged in
1991 in Mariehamn, were reviewed. A
planning meeting for the symposium was
decided to be held in Tallinn in April 1990.
Finally the plans for the SKAGEX were
discussed.

SKAGEX-90

During the year plans have been worked
out for arranging a multiship programme
in the Skagerrak and Kattegat area. The
interest for this has been wide and more
than 15 ships are expected to participate.
The aim is to try to get a synoptic picture of
the currents and the nutrient distribution
in the area. The transport of nutrients,
especially nitrate, with the Jutland Cur-
rent is of special interest.

From the laboratory a report (in Swedish)
of the chemical results from the participa-
tion of the R/V ARGOS in PEX has been
prepared by Fonselius and Valderrama
and this report will be ready for publica-
tion in the beginning of 1990.

The PEX General Report was published by
ICES in March 1989 as Cooperative Re-
search Report No. 193: Baltic Sea Patchi-
ness Experiment —PEX 86— PartI: Gene-
ral Report, Vol. 1: Text and Vol. 2: Figures.

Preparatory meetings have been held 7-9
February in Lund and 31 October-2 No-
vemberin Kiel. A final planning meeting is
held in March 1990 in Gdynia.

The SKAGEX will be carried out in June
1990. From Sweden the research vessels
ARGOS (SMHI and the National Board of
Fisheries), SVANIC (The Institute of Ocea-
nography, University of Goteborg) and
ARNE TISELIUS (Kristineberg Marine
Biological Station) will preliminarily
participate.

Stig Fonselius
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4.2

Baserat pé erfarenheterna med den mas-
siva blomningen av Chrysochromulinapo-
lylepis 1 Kattegatt och Skagerrak under
varen 1988 anordnades dven under under
senvintern - forsommaren 1989 en for-
starkt planktonévervakning i Véasterha-
vet. Verksamheten finansierades med
sidrskilda medel fran Naturvardsverket.

PLANKTONOVERVAKNING I VASTERHAVET

Flera institutioner genomforde program-
met fran Stromstad i norr till Oresund i
soder. SMHI deltog genom flera expeditio-
ner med U/F Argos och U/F Sensor. Det
samlade materialet av alla observationer
och analyser dr under vetenskaplig utvar-
dering och kommer att publiceras genom
Naturvardsverkets forsorg.

SURVEILLANCE OF PLANKTON BLOOMS

Based on the experiences of the massive
bloom of the plankton algae Chrysochro-
mulina polylepis in the Kattegat and
Skagerrak area in 1988 an extensive sur-
veillance programme for plankton blooms
was organised in late winter - early sum-
mer of 1989. The funding was provided by
the National Environment Protection
Agency and several institutes shared the

workload of the programme that covered
coastal and open sea waters from Strom-
stad inthe northto The Sound inthe south.
SMHI participated with a number of crui-
ses of the R/V Argos and the R/V Sensor.
The collected material of observations and
analyses is being scientifically evaluated
and will be published as an arrangement
by the National Environment Protection

Agency.

Stig R. Carlberg
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