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SAMMANFATTNING AV PROJEKT OCH RESULTAT

Rapporten beskriver en utsjoverksamhet, som bedrivs inom
Naturvidrdsverkets program for 6vervakning av miljokvalitet -
PMK. Verksamheten ar samtidigt storre delen av det svenska
bidraget till Helsingforskommissionens samordnade program for
monitoring av den marina miljon i Ostersjon. Atagandet innebar
att SMHI, genom sitt oceanografiska laboratorium i Goteborg,
genomfor fysikaliska och kemiska observationer och analyser pa
ett omfattande stationsnat (se figur 1) under tva expeditioner
i Ostersjon med Bottniska Viken, tre expeditioner i Kattegatt
och tre (frdn och med budgetaret 1986/87 fem) expeditioner i
fresund. Vid dessa expeditioner gors ocksa bestamningar av
potentiell primarproduktion och prover insamlas for bestamning
av vaxt- och djurplankton. En gang per ar gors undersokning av
bottenfauna (meiofauna). Dessutom insamlas fisk och musslor
fran sju 1lokaler fo6r analys av miljogifter. Fisk- och
musselproven prepareras vid Naturhistoriska Riksmuseet. Dessa
prov, liksom planktonproverna, analyseras av olika enheter
inom Naturvardsverket.

Atagandet for PMK utfors helt integrerat med SMHI's reguljira
oceanografiska verksamhet vid laboratoriet. Detta innebar
bl.a. att SMHI inom samma havsomrade genomfor flera reguljara
expeditioner, som ar relevanta for PMK. Till mycket stor del
ingar dven dessa resultat i den utvardering som redovisas.

Den oceanografiska situationen i Kattegatt visar ingen storre
skillnad jamfort med tidigare ar. Detta innebar att det aven
under hosten 1986 har varit ett syreminimum i sdédra Kattegatts
bottenvatten. 0DOen mest intensiva fasen var i mitten av
oktober. Da uppmattes ovanligt 1ldga syrgasvarden under den
specialkartering som SMHI utfdorde i syddéstra Kattegatt.

I Ostersjon ar laget oforandrat jamfort med 1985. Soder om
Skdne, samt mellan Gotland och fastlandet har svavelvate
féorekommit i djuphdlornas bottenvatten endast under forsta
halvan av 1986; i 6vrigt har det funnits syre dar, men i laga
halter. I djuphdlan oster om Gotland har svavelvate funnits
under hela aret. Det har med andra ord inte skett nagon
omsattning av vattnet i Gotlandsdjupet pa nio ar! Endast
mindre instromningar har forekommit, men inget riktigt utbyte.
Det inflode av hdogsalint vatten, som intriffade i november -
december 1986, var sa litet att det inte kommer att ha nagon
avgérande effekt nir det ndr fram till Gotlandsdjupet.

Bidde 1 Kattegatt och sodra Ostersjon intraffade en ovanligt
tidig avkylning av ytvattnet i september. Undertemperaturen
var minst 2 grader p3d alla stationer Jjamfort med ett
medelvarde for perioden 1968 - 1985.

En preliminar bedomning av analyserna av petroleumkolvate
(oljefororeningar) visar att halterna i norra Ostersjon och i
Bottniska Viken kan vara i tilltagande igen. Fortsatta
undersékningar fdr visa om detta 4r en signifikant trend,
eller om det ir en tillfalighet.

Resultaten av klorofyllanalyser och potentiell primarproduk-
tion visar inga onormala férhallanden.
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SUMMARY OF THE PROGRAMME AND ITS RESULTS IN 1986

This programme forms the major part of the open sea activities
of the national Swedish programme for environmental monitoring
(PMK). At the same time it forms the major part of the Swedish
contribution to the Baltic Monitoring Programme (BMP) of the
Helsinki Commission.

According to the contract with the National Swedish Environ-
ment Protection Board, the Swedish Meteorological and
Hydrological Institute (SMHI), through its Oceanographical
laboratory, carries out physical and chemical observations and
analyses on a great number of sampling stations (Figure 1).
Oceanographical cruises are carried out twice annually in the
Baltic Sea and the Gulf of Bothnia and three times in the
Kattegatt. During these cruises samples are also collected for
analysis of phyto- and zooplankton and determinations of
potential phytoplankton primary productivity are carried out.
A study of meiofauna is also included in the programme as well
as sampling on seven localities for fish and mussel for
determination of environmental contaminants. These analyses,
as well as those of plankton, are carried out by various
sections of the National Swedish Environment Protection Board.

The oceanographic conditions in the Kattegatt were similar to
previous years. This includes the period with an oxygen
deficit in the bottom water of the southern part during the
autumn. The minimum seemed to appear in the middle of October,
when SMHI made a special survey in the southeastern part of
Kattegatt.

In the Baltic the anoxic conditions prevail in the Gotland
Deep and the surrounding area. The hydrogen sulphide is now
residing in the bottom water for the nineth vear without
interruption. Only minor inflows have occured, but nothing
that replenishes the bottom water. The inflow of highly saline
water that occured to the Baltic in November - December 1986
was not strong enough to be of importance when it reaches the
Eastern Gotland Basin.

In the Arkona Basin and the area west of Gotland hydrogen
sulphide was found in the bottom water only during the first
part of the year; after that oxygen was present, although in
low concentrations. In the Kattegatt and in the southern part
of the Baltic Sea the surface water started to cool unusually
early. Already in September the temperatures were at least 2
centigrades below the mean value for the period 1968 - 19865.

Results of the petroleum hydrocarbon analyses show that the
concentrations may be raising again in the northern part of
the Baltic as well as in the Gulf of Bothnia. Continued
studies will show if this is a significant trend, or only a
temporary fluctuation.

The analyses of chlorophyll and potential phytoplankton
primary productivity do not reveal any unusual conditions.

IN THE FOLLOWING TEXT MOST OF THE CHAPTERS HAVE SUMMARIES IN
ENGLISH. THE TEXT IN SECTION 4.1 IS ENTIRELY IN ENGLISH.



VERKSAMHETSBERATTELSE
ALLMANT OM ORGANISATION OCH ADMINISTRATION

SMHI bedriver observationsverksamhet i havet, bl.a. genom
regelbundna fartygsexpeditioner i haven runt Sverige. Ansvaret
for dessa expeditioner vilar pa Oceanografiska Laboratoriet i
Goteborg (tidigare Fiskeristyrelsens hydrografiska labora-
torium). Laboratoriet har bedrivit denna verksamhet i olika
former och i vaxande omfattning sedan 1948, da Fiskeri-
styrelsen inrattades. Laboratoriets féregangare startade sin
verksamhet i bérjan av 1900-talet. For andamdlet disponerar
SMHI erforderlig tid pa Undersékningsfartyget Argos, vars
redare ar Fiskeristyrelsen.

Programmet fO6r miljdékvalitetsdévervakning - PMK - ar ett
nationellt program for att beskriva den yttre miljon, wupp-
tacka de andringar som intraffar dar, samt for att beskriva

och forklara férandringarnas orsaker och effekter. Programmet
ar samtidigt en del av det gemensamma monitoringprogram for
Ostersjéns marina miljé, som strandstaterna byggt upp inom
Helsingforskommissionen. Programmet kallas Baltic Monitoring
Programme och omnamns i1 denna rapport som BMP.

Huvudman for PMK ar Statens Naturvardsverk, men stérre delen
av programmet gors pa kontraktsbas av olika myndigheter eller
universitetsinstitutioner, som har en sddan struktur och
basverksamhet att de kan genomfoéra ataganden inom PMK pa ett
satt som ar rationellt och kostnadseffektivt for stats-
makterna.

SMHI's atagande gentemot Naturviardsverket innebir att verk-
samheten ar helt integrerad med laboratoriets ordinarie
verksamhet vad avser expeditioner, analyser, datahantering
etc. Denna basverksamhet ar darigenom en férutsattning for att
programmet skall kunna genomforas.

Enligt uppdraget skall SMHI "1 ett utsjoprogram for over-
vakning i den marina miljon genomfora provtagning och analys
omfattande hydrografi, kemi och biologi samt provtagning for
miljogiftsanalys vid tre expeditioner i Kattegatt, tre i
Oresund (avser ba 85/86; for ba 86(87 skall antalet vara fem)
och tva i Ostersjon och Bottniska Viken."

Som ett komplement till denna verksamhet svarar SMHI inom PMK
for provtagning med Kustbevakningens hjalp pa vissa viktiga
stationer. Proverna frdn vastkuststationerna analyseras vid
Oveanografiska laboratoriet, medan proverna fran Kustbevak-
ningens provtagning i Ostersjon analyseras av SMHI's
laboratorium i Norrkdéping.

Oceanografiska laboratoriet arbetar under ledning av férste
statsoceanograf Stig Carlberg som platschef och med
laboratoriechef Stig Fonselius som vetenskaplig ledare.

Det stationsnat som laboratoriet anvidnder for sina observa-
tioner visas i figur 1. De kraftigt markerade punkterna ar
gemensamma fOr PMK och laboratoriets reguljara program. Ovriga
punkter ar enbart for det senare programmet. De olika




2.2
2.2.1

parametrar som studeras, liksom antalet prover som tagits av
varje sort inom PMK-verksamheten, finns fortecknade i avsnitt
2.2.1 nedan.

Rapporteringen for uppdraget bestdr alltid av tva delar; dels
denna skrivna rapport med bearbetade resultat, dels av magnet-
band och pappersutskrifter med oceanografiska och biologiska
data, som i samband med ordinarie rapporteringstillfalle till
Helsingforskommissionen under varen oversands till kommis-
sionens sekretariat i Helsingfors och till Naturvardsverket.
Systemet innebar att 1985 adrs data har oversints under varen
1986.

SMHI vill rikta ett tack till Naturvirdsverket fo6r uppdraget
och for det finansiella stddet, till Fiskeristyrelsen for gott
samarbete och fo6r anvandningen av U/F Argos samt till befal
och manskap pa U/F Argos for gott kamratskap och for all h3jalp
under det gangna verksamhetsiret.

Forfattarna till denna rapport tackar Anita Taglind for all
hjalp med ord- och textbehandling, figurritning och redige-

ring.

Stig R. Carlberg

FAL TVERKSAMHET
OCEANOGRAFISKA EXPEDITIONER

Provtagningarna for PMK har genomforts vid regelbundna
expeditioner sa som under tidigare ar och da varit integrerade
med laboratoriets ovriga verksamhet. Detta innebar
provtagningar 1 Kattegatt och Oresund 14 - 16 april,

Kattegatt, Oresund, Ostersjon och Bottniska Viken 20 maj - 18
juni och 3 - 20 november, samt Oresund dessemellan den 22 - 23
september.

Forutom detta har laboratoriet genomfért andra expeditioner,
som ar av intresse for PMK. Kattegatt och Ostersjon besdktes
20 - 27 3Jjanuari, det stora PEX-experimentet i sydostra
Ostersjon 25 april - 6 maj, Skagerrak och Bohuslins fjordar 18
- 21 augusti, Kattegatt och Ostersjoén 22 - 27 september, samt
en sarskild kartering av syreforhallandena i sydostra
Kattegatts bottenvatten 16 - 17 oktober.

Expeditionerna har kunnat genomfdéras s2 som planerat; vadret
har normalt inte varit till allvarligt hinder wutom vid ett
tillfille. Under novemberexpeditionen gav hart vader upphov
till tidsbrist, varvid den planerade insamlingen av Mesidothea
med hjalp av betade burar fick installas. Isférhallandena var
under vidrexpeditionen sa goda att bottenfauna kunde insamlas
pd alla stationer; endast den nordligaste oceanografiska
stationen, F 2, fick foérskjutas nigot sdderut.

De parametrar som ingar i PMK-programmet och antalet tagna
prover framgar av tabellen nedan.




Hydrografiska serier 106 Salinitet 1260

CTD (in situ temperatur 106 Totalfosfor 1035
och salinitet)

Temperatur 1260 Totalkvave 1035
02 1240 Alkalinitet 1106
HZS 35 Humus/Lignin 680
pH 1106 Klorofyll 294
PO‘ 1226 Zoobentos 42
SiO‘ 1045 Primé;produktion 34
(stationer)

NO2 1035 Petroleumkolvaten 78
NO3 1035 na o ndra andra lab

NH‘ 1035 Fytoplankton 220
Siktdjup 53 Zooplankton 110

Dessutom har laboratoriet utfort ca 870 analyser av olika
parametrar pa de prover, som insamlats liangs vistkusten genom
Kustbevakningens medverkan. Till detta kommer biologiska
prover (fisk och mussla) fran sju lokaler. Proverna prepareras
av Naturhistoriska Riksmuseet for analys hos Naturvardsverket.

OCEANOGRAPHICAL CRUISES

The cruise programme for PMK has been executed as planned. The
Kattegatt area was worked during 14 - 16 April, the area of
the Kattegatt, Oresund, the Baltic and the Gulf of Bothnia was
worked during the period 20 May - 18 June and during the
period 3 -20 November.

In addition to this several cruises of relevance to the PMK
were carried out: The Kattegatt and Oresund 20 -27 January,

the international PEX-experiment 25 April - 6 May, the
Skagerrak and the fjords of Bohuslan 18 - 21 August, the
Kattegatt, Oresund and the Baltic 22 - 27 September and a
special cruise 16 - 17 October to investigate the oxygen

deficit in the southeastern Kattegatt.



2.2.2

Usually the weather conditions were favourable or at least
fair. Only at one occasion sampling had to be deleted due to
time constraints that was caused by hard weather. Thus the
sampling of Mesidothea in the Gulf of Bothnia with baited
cages had to be deleted during the November cruise. The ice
conditions were favourable during the May - June cruise in the
Gulf of Bothnia, so all meiofauna stations were sampled, only
the northernmost oceanographic station, F 2, had to be
slightly displaced to the south.

The parameters studied and the number of analyses carried out
within the PMK programme are listed above. In addition to this
some 870 analyses were carried out on samples taken by the
Coast Guard and, furthermore, samples of fish and mussle were
taken at seven localities for subsequent analysis of
environmental contaminants. These analyses are carried out by
the National Environment Protection Board after preparation by
the National Museum of Natural History.

Stig Carlberg

KUSTBEVAKNINGENS PROVTAGNINGSVERKSAMHET

Under 1986 wutforde Kustbevakningen 34 st provtagningar péa
vastkusten. De fyra stationerna & 13, SW Vinga, Fladen och
Anholt E besdktes manatligen av fartygen TV 102, TV 257 och TV
282, om inget speciellt forhinder wuppstod. P.g.a. olyckliga
omstiandigheter sdsom kraftiga vindstyrkor under hésten, string
vinter med kraftig islaggning och oversyn av fartygen har
ibland ingen provtagning kunnat utféras under lang tid. Vid
t.ex. Fladen togs prover forst efter midsommar. Ynder ett par
manader togs ocksa prover pd temperatur och salt veckovis vid
Hallsundsudde.

Provtagningen har omfattat hydrografi och narsalter. Syrgas-
proverna skyddades genom vattenlds och resterande vattenprover
forutom salinitetsproven konserverades genom surgdrning.
Laboratoriet analyserade proverna med avseende pa syre,
salinitet, fosfat, totalfosfor, silikat, nitrat och total-
kvave, ett par veckor efter provtagningstillfillena.

Totalt wutfdérde Oceanografiska laboratoriet ca 870 analyser pa
de insamlade proven.

Resultaten sammanstdlls av SMHI i Norrkdéping och publiceras i
HO-serien.

Lotta Fyrberg



2.2.3

SAMPLING BY THE COAST GUARD

During 1986 the Swedish Coast Guard made 34 samplings at the
West Coast. Four stations were visited each month by three
ships, if there was nothing special to prevent them from doing
so. Partly depending on strong windforces during the autumn,
strong winter with heavy ice conditions and overhaul of the
ships sometimes no sampling could be done. During a couple of
months the Coast Guard took weekly samples concerning
hydrographic parameters except oxygen, at one additional
station.

The sampling concerned hydrography and nutrients. The bottles
with oxygen were placed under water to be airtight and the
rest of the water samples, except those for salinity, were
preserved by acidifying. The laboratory analysed the samples
determining oxygen, salinity, phosphate, total phosphorus,
silicate, nitrate and total nitrogen.

The total number of analyses of these samples were 870 during
1986. The results are published by SMHI in the HO-series.

Lotta Fyrberg

MILJOGIFTSPROGRAMMET

Fisk for miljégiftsanalys har liksom tidigare insamlats fran
sju lokaler i haven som omger Sverige. Sill/stromming fran
Harufjirden och Angskarsklubb i Bottniska viken, syd Landsort
och Utlangan i Ostersjon, Fladen i Kattegatt och Viaderdarna i
Skagerrak, samt torsk fran Angskarsklubb, sydost Gotland och
Fladen.

Sillen fran Fladen har insamlats ombord U/F Argos av personal-
frin Havsfiskelaboratoriet i Lysekil. Sillen fran Vaderdarna
har med hjalp av O0lle Hagstrom, Havsfiskelaboratoriet, an-
skaffats ur kommersiell fangst. Torsken fran Fladen har
fangats av Alvar Jacobsson SNV. Ovrigt material har mot er-
sattning anskaffats av fiskerikonsulenter och vyrkesfiskare.
Fisken har levererats till Naturhistoriska Riksmuseet i Stock-
holm,

Den under novermberexpeditionen planerade insamlingen av Sadu-
ria (Mesidothea) med betade insjokraftburar fick instdllas
p.g.a. tidsbrist orsakad av hart vider.

ENVIRONMENTAL CONTAMINANTS

Herring from 7 and cod from 3 localities in the Bothnian Bay,
Baltic, Kattegat and Skagerrak have been collected and
delivered to the Swedish Museum of Natural History for further
treatment.

Bengt Yhlen




2.2.4

2.3

BOTTENFAUNA

Isliaget under maj-juni expeditionen 1986 var gott sa prov
kunde tas pa alla bottenfauna stationer, d.v.s. 3 stycken i
Kattegatt, 5 i egentliga Ostersjon samt 6 i Bottniska viken.

SOFT BOTTOM FAUNA

In accordance with the program Macrozoobenthos were collected-
from all 14 stations during May-June 1986.

Bengt Yhlen

DATAVERKSAMHET

Dataverksamheten under 1986 har koncentrerats pa att forbittra
den befintliga databanken. Detta har astadkommits dels genom
en foérandrad upplaggning av datastrukturen och dels genom att
ett nytt screen/test-program konstruerats och inforts.

Genom den foérandrade datastrukturen har ca 307 av skivutrymmet
for datafilerna kunnat sparas. Detta ger vytterligare modjlig-
heter till att bygga ut banken med dldre data och mojligheter
till att integrera andra system i den sasom nu gjorts vad
betraffar klorofylldata, vilka tidigare 1lidg i ett eget system.
For niarvarande pagar arbete med att integrera &dven primar-
produktionsdata och zoobenthosdata i databanken.

Ett omfattande arbete har lagts ned pa att skraddarsy det nya
screen/test-programmet si att kontrollfunktionerna &r an-
passade for hydrografiska data med alla dess speciella krav.
Med detta kontrollprogram har vi minimerat risken av att fa in
oonskade uppgifter (eller uppgifter av oacceptabel kvalitet) 1
var databank.

Forutom nykonstruktionen av databanken har nagra ytterligare
programutvecklingar skett under aret. Nya inventarieprogram
for sokning av upplagda stationer har framtagits. Sokning kan
nu géras pa en kombination av utférda arbeten vid stationen
och havsomrade eller del av det. VYtterligare 1list- och
konverteringsprogram har gjorts for att bl.a. underlatta det
omfattande datautbyte laboratoriet deltar 1i.

Ombord U/F Argos har nu CTD-inspelningsprogrammet, i samarbete
med fiskeristyrelsen, fatt sin slutliga utformning. Programmet
ir utformat sa att realtidsplot erhidlles bade pd ner- och
uppvagen, upplosningen av datacyklerna ar ca 2-3 varden per
decimeter. Kvaliten pi de data CTD-sonden liamnar har visat sig
god vid en interkalibrering i april och vid Jjamforelser med
analysdata fran vattenhamtare. Fo6r SMHI's marina prognos-
tjinsts riakning har ett program for framtagning av TESAC-
meddelanden konstruerats. Valda CTD-profiler presenteras
grafiskt, signifikanta djup valjs ut varefter slutresultatet
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skrivs ut p&d printer och kan anvandas direkt i ett telefax-
system. Programmet kan anvandas savdl vid laboratoriets egna
expeditioner som vid fiskeristyrelsens expeditioner. Ny
ljusmatarutrusning har inkopts wunder 1986, datorkommunika-
tionen har testats och visat sig fungera. Under 1987 skall
programvara for databearbetning och datalagring av de matdata
den lamnar frén sig konstrueras.

Innehallet i databanken har forutom drets matningar ombord U/F
Argos, kustbevakningens matningar och matningar vid Borno-
stationen kompletterats med matningar under daren 1969-71
ombord U/F Skagerrak och U/F Thetis. For U/F Argos har drygt
700 serier 1lagts upp for 1986 (inklusive de CTD-stationer
Havsfiskelaboratoriet tagit). Arbetet med att komplettera
banken med data bakat i tiden fortsitter.

Innehillet i databanken:

- expeditioner med U/F Argos 1974-86
- expeditioner med U/F Thetis 1969-84
(vissa viktigare stationer aven 1964-68)
- expeditioner med U/F Skagerrak 1969-73
(vissa viktigare stationer aven 1964-68)
- kustbevakningens stationer 1970-86
- Borno faltstation 1909-11, 1930-86
(inga matningar gjordes 1912-29)
- Stationen Kattegatt SW 1974-82
- Koster faltstation 1970-85
- GF-projektet med raddningskryssaren Ulla Rinman 1974-77
- Laholmsbuktsundersdkningar med U/F Eystrasalt och inhyrd
fiskebat 1976
- vissa danska monitoringstationer 1974-77, 1980-84
- KMBS's undersdkningar vid stationen Alsback 1978-85
- klorofylldata 1979-86

Férutom innehdallet i databanken finns separata datasystem med
foljande data:

- CTD-data 1978, (79), 80, (81), (83), 84, 85, 86
{(drtal inom parantes = CTD-data for dessa Ar ar enbart till
vissa delar overfdérda till ND-systemet, resterande data
ligger lagrade pa kassettband)

- CTD-data fran Havsfiskelaboratoriets expeditioner 1978-86
(vissa ar ej kompletta, se ovan anmarkning)

- strommatardata 1974-84
(endast vissa stationer upplagda, resterande data pa
hdlremsor)

- ICES-data fran ostersjostaterna 1902-82
(upplagt pa magnetband och lagrat i ICES-formatet)

- primarproduktionsdata 1982-86
(pd Helcom-protokoll aven 1979-81)

- fyrskeppsdata for 15 st fyrskepp, 1880-1969
(1880-1947 ars data finns pa protokoll medan 1948-69 ligger
upplagt pa halkort)



Dessutom finns nedanstiende data pa Helcom-protokoll:

- 2oobenthosdata fran egna expeditioner, 1979-86
- Zooplanktondata frdn egna expeditioner, 1979-86
- Fytoplanktondata frdn egna expeditioner, 1979-86

Under 3ret har fran vir egen databank, samt fran ICES-banden,
hydrografiska data fran Gotlandsbassangen sorterats ut. Dessa
har intensivstuderats inom ramen for eutrofieringsprojektet. I
man av tid kan ytterligare sadana studier géras pa andra
havsomraden.

Det regelbundna datautbytet, vilket under aret utdkats med
WDC-A och WDC-B (World Data Center i Washington resp Moskva),
bestar av ca 20 adressater. Drygt hdalften ar internationella.
Dessutom har mellan 20 och 30 enskilda forfragningar
bahandlats under 4aret. For att ytterligare komplettera var
databank har kontakt tagits med instituten 1 Norge och
Vasttyskland for ett eventuellt utbyte av data.

COMPUTER SUPPORT

The activities concerning our computer system during 1986 have
been devoted to improve the existing data-bank by changing the
data structure and introducing a new screen/test programme.
The new changes have given provision for extra capacity for
storage and integration of other data in the data-bank. The
content of the data-bank is listed in the Swedish text.

An extensive effort has been made to make the new screen/test
programme as efficient as possible for checking the incoming
hydrographical data into the data-bank. The irrelevant data
are sorted out and given no entry.

Apart from the above <changes a great deal of programme
development also has taken place, which facilitate the
exchange of data with other institutions.

Aboard the R/V Argos the CTD-programme now has attained its
final shape 1in cooperation with the National B8oard of
Fisheries. The quality of the data from the CTD-probe has been
found satisfactory during an intercalibration and in compa-
rison with data obtained by water-bottle sampling.

Thus 1986 has been a significant vyear as far as our work
regarding storage of data, improvement of the quality and

exchange of data on international level.

Hikan Palmén
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2.4

NATIONELLT OCH INTERNATIONELLT SAMARBETE

Liksom under tidigare ar har utsjdédelen av PMK-programmet haft
flitigt samarbete bdde nationellt och internationellt. Detta
ar av storsta vikt fOor ett program som bedrivs multidiscip-
linart i ett havsomrade med flera strandstater. De viktigaste
delarna i samarbetet ar samplanering och samordning av
aktiviteterna, utbyte av matdata och kunskaper samt, ibland,
interkalibreringar och gemensamma undersdkningar.

Det viktigaste inslaget av samplanering ar att det marina PMK-
programmet ar sa starkt knutet till Helsingforskommissionens
monitoringprogram fo6r Ostersjon (Baltic Monitoring Programme,
BMP). Genom detta ar utsjodelen av PMK samtidigt den storsta
delen av Sveriges bidrag till BMP. Dessutom innehaller
utsjéprogrammet en utvidgad verksamhet jamfort med BMP.

Kopplingen till B8MP innebar inte bara en gemensam program-
struktur betraffande val av provtagningsstationer, parametrar
etc., wutan ocksd att arbetet styrs av en gemensam handbok
"Guidelines"” for analysmetoder. Arbetet har bedrivits enligt
riktlinjerna f6r BMP's andra fas, som borjade 1984.

Inom kommissionens teknisk-vetenskapliga kommitte stravar man
till att samordna de olika landernas fartygsexpeditioner s
att en god tidstidckning skall uppnds. Tyvarr ar de olika
instituten/fartygen i 6stersjostaterna sa hart ldsta av olika
dtaganden av samma prioriteringsgrad, att det inte har varit
moéjligt att undvika att expeditioner ibland 6verlappar
varandra i tiden, eller att langa luckor ibland uppstar mellan
tva undersdkningar.

Den informella ad hoc-gruppen for samordning av svensk, dansk
och norsk monitoring i Kattegatt och Skagerrak har haft battre
framging, bl.a. betraffande just samordning av expeditionerna.
Gruppen har haft ett mote under aret.

Datautvaxling med olika institutioner har gjorts som vanligt
under aret. Detta beskrivs narmare under avsnitt 2.3.

Den vetenskaplige ledaren foOor wutsjoprogrammet, dr Stig
Fonselius, och annan SMHI-personal med anknytning till PMK-
verksamheten, har deltagit i en 1lang rad méten som galler
kunskapsdverforing eller planering. Har skall sarskilt namnas
PEX-verksamheten, expertmdtena inom monitoring samt eutrofie-
ringsmétena. Vid madnga av mdétena har foredrag fran PMK-
verksamheten presenterats.

Verksamheten 1nom PEX (Patchiness EXperiment) ar av stort in-
tresse fér PMK, bdde vad det galler planering och utviardering
av monitoringundersdkningar. PEX beskrivs separat i avsnitt
4.2. Har skall bara framhallas att i samband med PEX
genomfoirdes interkalibreringar av en rad oceanografiska
parametrar. Genom samarbetet inom ICES har SMHI ocksa deltagit
1 en sarskild interkalibrering av salinitetsbestiamningar.



Inom ramen foér Bottniska Viken

Kommittens

Fonselius, tillsammans med finska kollegor,
utredning om orsaken till de hodga kvavehalterna i Bottenvikens

vatten.

Internationella moten, liksom vissa nationella,

for programmet finns fortecknade nedan.

24

14

18

13

14

21

23

29

19

24

217

22

21

Joint Monitoring Group 21
PEX (planeringsmote) 4
Baltic Sea Monitoring Symposium 11
Group of Experts on Monitoring 14
(Helsingforskommissionen)

PEX (planeringsméte)

ICES/SCOR Working Group on the Study

of the Pollution of the Baltic 1
Ad-hoc-arbetsgruppen for samordning

av monitoring i Kattegatt/Skagerrak
Ostersjokonferensen 19
Interkalibreringar infor PEX 21
PEX faltexperiment 23 april -
ICES Working Group on Marine

Data Management 28 april -
Eutrofiering av havs- och kustomraden
(22:a Nordiska Symposiet om vatten-
forskning) 26
Scientific and Technological

Committee (Helsingforskommissionen) 15
Group of Experts on Monitoring
(Helsingforskommissionen) 22
Eutrofiering i marin miljo 26
Kommitten for Bottniska Viken
(Arbetsutskottet)

XVth Conference of the

Baltic Oceanographers 18
0il Pollution Seminar
(Helsingforskommissionen) 19

20

gjort en

Jjanuari
februari
mars

mars

mars

april

april
april
april

7 maj

2 maj

augusti

september

september

november

oktober

november

november

arbete har dr.
sarskild

av storre vikt

Koépenhamn
Gdansk
Tallinn

Tallinn

Tallinn

Kalmar

Goteborg
Karlskrona
Karlskrona

Ostersjon

Képenhamn

Laugarvatn

Gdansk

Gdynia

Norrtalje

Solna

Képenhamn

Norrképing
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NATIONAL AND INTERNATIONAL COOPERATION

International - and national - cooperation is a corner stone
in any broad scientific programme that is carried out in a sea
area with several riparian countries. Therefore the PMK
programme is strongly linked to international organizations
and activities concerning planning, coordination, intercali-
brations and exchange of scientific knowledge and data.

The open sea programme of PMK is a greater part of the Swedish
contribution to the Baltic Monitoring Programme (BMP) of the
Helsinki Commission. Consequently sampling station network,
selection of parameters, chemical and biological analysis and
data exchange are all described in a common Guidelines. This
work is now since 1984 in the second phase of BMP. In addition
to the minimum requirements of BMP, the open sea programme of
PMK contains additional elements concerning station network,
parameters and sampling frequency.

Monitoring cruises are coordinated within the Helsinki
Commission and, in the case of Kattegatt and Skagerrak, by an
informal ad hoc working group representing Swedish, Danish and
Norwegian administrations.

A lot of efforts was put into the PEX (Patchiness Experiment)
by SMHI staff. This is further described in section 4.2. This
experiment 1is of great importance for the planning and
evaluation of monitoring programmes.In connection with PEX the
Oceanographical laboratory participated in intercalibrations
of several oceanographical parameters. SMHI also took part 1in
the special intercalibration for salinity determinations, as
arranged by ICES.

The scientific 1leader of the programme, Dr. Stig Fonselius,
and other members of SMHI staff took part in several national
and international meetings of relevance for the PMK. The
planning and evaluation meetings within the Helsinki Commis-
sion, as well as some meetings on eutrophication problems
should be pointed out particularly.

Dr. Fonselius and a group of Finnish colleagues made a special
study on the causes for the unusually high nitrogen
concentration in the Bay of Bothnia. This study was initiated
by the Swedish - Finnish Committee on the Gulf of Bothnia.

The national and international meetings of particular rele-
vance for the PMK are listed in the table above.

Stig R. Carlberg




2.5

PERSONAL OCH EKONOMI

Verksamheten inom utsjoprogrammet bedrivs helt integrerat med
Oceanografiska laboratoriets vanliga verksamhet. All personal
vid laboratoriet, ca 13 personer plus viss extrapersonal,
arbetar i olika grad direkt med utsjoprogrammet i falt eller
med verksamheten i land.

Fér att SMHI skall kunna genomféra utsjoverksamheten at det
nationella PMK-programmet bidrar Naturvardsverket drligen med
medel. Fér budgetiret 1985/86 var den kontrakterade summan
856 000 kr, vilket efter omrakning har inneburit 915 000 kr
for ba B86/87. Resurser av minst samma storlek tillférs frén
SMHI's bidragsanslag.

15
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.1

RESULTAT OCH DISKUSSION

DE OCEANOGRAFISKA UNDERSOKNINGARNA

VASTERHAVET

1 ka ra var de hydrografiska férhallandena normala under
hela aret. Syrgastillgangen var god men narsaltmiangden i
ytvattnet ndgot hog, ex.vis 0.8 - 0.9 umol/l fosfatfosfor
under vintern. Under vdren/sommaren gick fosfatmangderna ned
till omkring eller under 0.1 umol/l. Detta tyder pd mycket hdg
produktion under den ljusa arstiden.

I Kattegatt har under senare ar férekommit stora variationer i
tillgingen pa framfoér allt syrgas. Under vintern och fram till
sommaren var mangden syrgas god i hela vattenmassan, aven i de
djupaste omradena (se fig. 2). Fran eftersommaren bérjade
mangderna minska for att bli som ligst under oktober. Di gick
mangden syrgas ned till nara noll i de sydligaste delarna. Vid
stationen Anholt E uppmattes den 22 september 2.50 ml/l. Vid
Kullen uppmattes samma dag pa 23 m dijup endast 0.95 ml/1l (se
fig. 3) Den 17 oktober gjordes en sarskild kartering med U/F
Sensor varvid uppmattes 1.13 ml/l. Svavelviate har dock inte
uppmatts 1 det bottennara vattnet. Under senhdésten blev
forhdllandena bittre. Den 14 november uppmittes vid Kullen
3.83 ml/1 pd 25 m djup och 4.38 ml/l pad 46 m djup vid
stationen Anholt E.
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Mangden fosfatfosfor var under vintern hdég, omkring 0.9
umol/l. Fér produktionsperioden, varen/sommaren s3jonk de
uppmatta mingderna till omkring 0.1 umol/l. Detta tyder pa att
aven 1 Kattegatt ar produktionen mycket hédg.

Mangden nitratkvave wuppmattes i Jjanuari till omkring 7-8
umol/l, for att under varen och sommaren sjunka till under 0.1
umol/l. vid expeditionen i november uppmittes virden pa t - 2
umol/1l.

Salthalten &ar betydligt stabilare men har ocksi vissa varia-
tioner. Detta framgdr av figurerna 4 och 5, som visar att
situationen i april dominerades av utfldde av baltiskt vatten
fran Ostersjon.
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P34 grund av kallt vintervader blev temperaturerna mycket laga
under februari/mars. Isen lade sig over i stort sett hela
Kattegatt.

Under september sjénk vattentemperaturen i de ovre vatten-
lagren (0 - omkring 30 m) ovanligt mycket. Den 22 september
uppmattes vid stationen SW Vinga 13.09 °C pa 5 m djup medan
medelvirdet for aren 1968 - 1985 ar 15.32 °C.

OSTERSJION

De hydrografiska forandringarna i Ostersjén har varit sml
under det sista aret.

En anmarkningsvard temperatursankning intraffade under septem-
ber manad. Vid expeditionen 22-24 september uppmittes tempera-
turer i vytskiktet (0-30 m) som med flera grader understeg
medelvardet fo6r aren 1968-85. Se fig. 6 och 7.

[ ? B s 10 nis o2 29 2877 BY 39 38 3% 32 31 30 29 28 27 26 25 2 23 22

R/V ARGOS 1986 09 27 -26
Temperature

Section through the Baltic from the Arkona Basin
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through the Gotland Deep lo the Guif of Fu R/V ARGOS 1986 09 22-26

Section brough the Baltic
from siat BY 22 through
300 — the Landsort Deep to

FIG.6 \/ FIG. 7

Som exempel uppmittes i Landsortsdjupet pa 5 m djup 9.24 °C
mot medelvirde 14.71 °C, i Gotlandsdjupet 11.40 °C mot 16.09°C
Storsta skillnaden fanns i sédra Ostersjon dar det vid statio-
nen Arkonabiackenet uppmattes 9.53 °C mot 15.16 °C och i Ham-
rarna sund 6.20°C pd 5 m djup mot medelvardet 15.03 °C. Inte
pa nagon station var skillnaden mindre an tva grader.

Syrgasforhallandena i omradet soder om Skdne, varierade fran
nastan full mattnad till en mattnadsprocent omkring 30. Den
ligsta mangden uppmattes 1 november, 1.99 ml/1 pa 40 m djup
vid Arkona.

I Bornholmsbackenet/Hanobukten fanns 1 Jjanuari ett ganska
stort omrade med svavelvate i bottenvattnet, upp till ca 80 m
djup (fig. 8). Under vintern/vairen intraffade nagra smarre in-
floden av friskare vatten som sa smaningom upploste
svavelvatet. Nigra stora mangder syrgas blev inte kvar men
svavelvatet aterkom ej under dret. Gransytan for 2 ml/l syrgas
har legat pa 60-65 m djup hela aret.



—--= Oxygen concentration less than 2ml/l

% Area with hydrogen sulphide in the deep water

E

FIG.

Oster om Bornholmsbassangen har syrgas-
férhallandena varit nagot battre. Som
regel har syrgasmangden inte under-
stigit 2 ml/1 i bottenvattnet, men mot
slutet av aret, expeditionerna i sep-
tember och november, uppmattes syrgas-
varden pd ndgot under 2 ml/l wvid
stationen BCS III 10. Gransytan for
2 ml/1 139 i november pa omkring 75 m.

I den stora Gotlandsbassangen har det
inte skett ndgra namnvarda férand-
ringar, endast smarre fdérandringar i
svavelvateskiktets utbredning, se fig.
8-11. Svavelvitet 1 Gotlandsbassdngen
har nu funnits dar i 9 ar och de
hégsta mangderna som uppmatts, omkring
65 umol/l, har wvarit i stort sett
ofdrindrade under hela aret.

I norra Ostersjon har férhallandena
inte heller fodorandrats annat an lokalt
och tillfalligt. Gransytan for 2 ml/l
har mestadels legat djupare an 80 m
och svavelvate har forekommit endast
lokalt i bottenvattnet.

Inte heller i de vastra delarna av
Ostersjoén har ndgra drastiska férand-
ringar intraffat. Gransskiktet for 2
ml/l vid Landsortsdjupet har varierat
i djup fran drygt 100 m djup i januari
och till nagot under 80 m i bérjan pa
juni. Som framgar av fig. 12-15 sd gar
gransytan i vagor. Anledningen hdrtill
ar interna végor, som orsakas av yttre
drivande krafter, bl.a. lufttrycksfoér-
dandringar och starka vindar.

I omradet fanns svavelviate i botten-
vattnet endast vid stationen BY 38, SW
om St. Karlsdé, vid expeditionen i
januari. Under resten av aret har det
funnits syrgas i bottenvattnet dven i1
de djupaste omradena, Landsortsdjupet
och Norrkdpingsdjupet. Mangderna
syrgas var dock mycket sma.

Ndgra anmarkningsvarda foriandringar i
narsalterna finns inte 1 vytskiktet
0-30 m. Under vintern var mangden
fosfatfosfor normal, 0.4 - 0.7 umol/l.
Under varen/sommaren uppmattes mangden
fosfatfosfor till 0.05 - 0.1 wumol/l.
Mangden nitrat var under vintern 2.5 -
5.0 umol/l och wunder sommaren sjonk
den till under 0.1 umol/l.
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ALANDS HAV

De hydrografiska férhallandena ar goda hela aret. Syrgasming-
den ar god aven pd de stérsta djupen med en mattnad pa som
samst omkring 707%.

Tillgangen pd@& narsalter ar har lidgre an i Ostersjon men det
synes ej uppsta brist under produktionsperioderna. I slutet
pa maj uppmittes ex.vis 0.05 - 0.07 umol/l fosfatfosfor i
skiktet 0-20 m djup och 0.11 - 0.73 wumol/l nitrat pa
motsvarande djup.

BOTTENHAVET

Som framgdr av figurerna 16 och 17 4&r syrgasférhdllandena i
omradet mycket goda. De ligsta uppmatta virdena ar 5.20 ml/1l
vid botten i Ulvodjupet.

R/V ARGOS 1986 05 21~ 06 13
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FIG. 15
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Narsaltstillgangen i det ovre vattenlagret var ratt lag
jamfort med foérhallandena i Ostersjon. Vid expeditionen i
slutet av maj uppmattes i hela havsomradet omkring 0.05 umol/1l
fosfatfosfor pd djup ned till 30-40 m. Fosfatfosformingderna i
djupvattnet var vid samma tillfalle 0.5 - 0.9 umol/l. Vid
expeditionen i november uppmattes 0.10 - 0.15 wumol/l fosfat-
fosfor i ytlagret och ofdérandrat 0.5 - 0.9 umol/l i djupvatt-
net.

Nitratmiangderna var pa varen omkring eller under 0.10 umol/l i
ytlagret och 4-5 wumol/l i djupvattnet. Pa hosten var
nitratmangden i ytlagret 0.5 - 2.0 umol/l och 5-8 umol/l i
djupvattnet.

BOTTENVIKEN

Syrgastillgangen 4ar har fullt tillfredsstdallande. Den lédgsta
mingden, 7.2t ml/l uppmattes i november pad 94 m djup vid
stationen F 8 utanfor Skelleftehamn.

Jamfort med Ostersjon ar mangderna fosfatfosfor har annu
ligre. Under majexpeditionen uppmiattes i ytskiktet (0-30/40 m)
mestadels 0.03 -0.07 umol/l och under novemberexpeditionen
0.07 - 0.12 umol/l. Djupvattnet innehaller nagot hogre miangder
men O6verstiger sallan 0.2 - 0.3 umol/l.
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Nitratmingderna i Bottenviken ar betydligt hégre dn i Oster-
sjon Bottenhavet. Vid expeditionen 1 maj wuppmittes pa de
flesta stationer omkring 5 umol/l med en obetydlig 6kning mot
botten. Novemberviardena var mestadels omkring 6 umol/l i
ytvattnet och omkring 7-8 umol/l i bottenvattnet.

Sven Engstrom

SHORT SUMMARY OF THE OCEANOGRAPHICAL OBSERVATIONS

In the Skagerrak the hydrographical conditions were normal
during the whole year. The amount of nutrients were slightly
increased during the winter (e.g. phosphate phosphorus 0.8-0.9
umol/l). Because of very high primary production in summertime
the phosphate values dropped to about 0.1 umol/l.

In the Kattegat, there has been large variations of the oxygen
concentration during the last years. During the winter and the
spring 1986 the oxygen conditions were good in the whole
volume of water, even in the deepest areas (see figure 2).
From late summer the amount of oxygen started to reduce, being
lowest in October. In the southernmost parts the oxygen
concentrations were almost zero, but there never was any sign
of hydrogen sulphide in the bottom water. During the end of
the autumn the conditions improved. The primary production was
very high and the phosphate phosphorus values were equal to
those in the Skagerrak.

The salinity 1s more stable, but has shown some normal
variations. The figures 4 and 5 show that April was dominated
by an outflow of Baltic water from the Baltic Proper.

Due to cold winter weather, the ice covered almost the entire
Kattegat in February/March. After the summer the cooling
started early; already in September the temperature dropped in
the surface water and showed a deficit of at least two
centigrades.

THE BALTIC PROPER

The hydrographical changes in the Baltic Proper have been
small during the last year.

There was a remarkable temperature decrease during September.
The values in the surface layers were several degrees below
the mean values for the years 1968-85. See figures 6 and 7. At
any station the difference was not less than 2 degrees.

In January, in the Bornholm Basin and the Hand Bight there was
a rather big area with hydrogen sulphide in the bottom water,
up to about 80 m depth (fig. 8). During winter/spring there
were a few minor inflows of more oxygen rich water, which




gradually removed the hydrogen sulphide. It did not result in
any high oxygen concentrations, but the hydrogen sulphide did
not return during the year. The boundary surface for 2 ml/l
oxygen has been at 60-65 m depth the entire year.

East of the Bornholm Basin, the oxygen concentrations have
been slightly better. As a rule oxygen concentrations have not
been less than 2 ml/l, except at the end of the year.

In the Gotland Basin there have been no significant changes in
the deep water. The hydrogen sulphide has now been there for 9
years and the greatest measured amount of hydrogen sulphide,
about 65 umol/l, has been more or less unchanged during the
whole year.

The boundary layer for 2 ml/l at Landsort has varied from
fully 100 m depth in January to slightly less than 80 m in the
beginning of July. The boundary goes in waves as can be seen
in figures 12-15. This is due to internal waves caused by
changes in the air pressure and strong winds for example.

In the western part of the Baltic Proper one could find
hydrogen sulphide only in the bottom water at Karlso Deep.

There has been no remarkable changes in the concentrations of
nutrient salts in the surface layer.

THE GULF OF BOTHNIA

In the Aland Sea the hydrographical conditions were good
during the whole year. The supply of nutrient salts are lower
here, but does not seem to be a real deficit during periods
with high primary production.

As can bee seen from figure 16 and 17 the oxygen conditions in
the Bothnian Sea are very good. The supply of nutrient salts
in the upper layer is relatively low (about 0.1 umol/l), and
rather stable (about 0.5-0.9 umol/l) in the deep-water.

In the Bothnian Bay the oxygen concentrations are fully satis-
factory. Compared with the Baltic Proper the amounts of
phosphate phosphorus are even lower here. During the May-
expedition the values in the surface were about 0.05 umol/l,
whereas 1in the deep water it seldom exceeded 0.2-0.3 umol/l.
However, the nitrate concentrations were considerably higher
here than in the Baltic Proper, with a slight increase towards
the bottom. '

Lotta Fyrberg
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3.2

KUSTBEVAKNINGSMATNINGEN

Vi har valt att studera Anholt E, en miatstation i syddstra
Kattegatt. Stationen besdoks under laboratoriets hydrografiska
expeditioner med U/F Argos cirka fem ganger om dret och kust-
bevakningen utfor provtagningsverksamhet for SMHI dar varje
manad om inga speciella férhinder uppstdr. I mitten av oktober
genomfordes en stationskartering 1langs vastkusten med U/F
Sensor. Resultaten fran denna expedition har inkluderats i
denna rapport.

Som framgar av figur 18 inleds 1986 med traditionellt kallt yt
vatten och ett varmare bottenvatten. Under februari och mars
saknas data p.g.a. ishinder. Detta tyder pd ytterligare avkyl-
ning av ytvattnet. Havsvatten med en salinitet omkring 20
enheter fryser forst wvid cirka - 1 °C. Under maj manad ut-
vecklas ett kraftigt spriangskikt med hoga temperaturer i yt-
vattnet under sommaren, for att sedan avkylas snabbt ned till
12.6°C redan i bdérjan av september (17 sept 1984 14.2 °C och
9 sept 1985 14.6 °C). Detta tyder pa kraftig konvektion d.v.s.
omblandning av vattenmassan sa att kallare djupvatten blandas
upp 1 ytvattnet, eller ett stort infldode av kallare vatten
fran Nordsjon. Niar vi tittar pa vinddata 6ver september
konstaterar vi att kraftiga vastvindar, 10 m/s dominerade
under foérsta hilften av manaden, for att sedan fdljas av
kraftiga nordvastliga vindar.
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FIG. 18

Inom omradet aterfinns i huvudsak tvd ytstrommar och en
djupare 1liggande strom. Baltiska strommen fran Ostersjon
transporterar sotare vatten norrut, medan Jutska strommen fran
Nordsjon med saltare vatten gir soderover. Baltiska strommens
utfléde kompenseras ocksa delvis av den saltare djupvatten-
strommen (Fonselius 1974).




vid kraftiga vastvindar foérsvagas eller upphdr den Baltiska
strommen helt si att ytstrommen i Kattegatt istallet ga&r mot
séder in i Ostersjon. Den Jutska strommen gar da rakt osterut
fran Skagen. Genom det okade inflddet kan det kallare och
saltare (fig. 19) djupvattnet tranga upp till ytan.
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FIG. 19

I och med att hdostens primarproduktion fortfarande ar i full
gang - laga varden pa narsalterna fosfat, nitrat och silikat i
ytvattnet, kan vi inte forklara den nagot férhdjda syrgas-
halten (fig. 20) i ytvattnet pa annat satt &an infldde av
syrerikt vatten fran Nordsjon.

Om vi gar tillbaka till fig. 19 éver saliniteten hittar vi
inga andra anomalier in den forhdéjda salthalten 1 ytlagret
under september.

Fig. 20 uppvisar en tillfredsstallande syrgassituation i syd-
60stra Kattegatt. Mattnadsgraden ligger mellan 757 (djupvatt-
net) och 1007 (ytlagret) under arets férsta halft. Darefter
sjunker mattnadsgraden i bottenvattnet anda ned till 18/ under
oktober, fo6r att sedan oka snabbt igen sa att vi en manad
senare har tillfredsstallande syrgashalter 1 bottenvattnet
(707 mattnadsgrad). P.g.a. en lang isvinter kom varens primar-
produktion inte igang fbérran mot slutet av maj med sankta
syrgashalter 1 ytvattnet som foljd.

Referens

Fonselius, S., 1974: Oceanografi. Generalstabens litografiska
anstalts forlag.
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FIG. 20

COAST GUARD MEASUREMENTS

The station Anholt E is situated in the southeastern part of
the Kattegatt. During our laboratory's ordinary expeditions
with R/V Argos samples were taken here five times in 1986. The
Coast Guard performs sampling here once a month, when there is
any possibility of doing it.

In the figure 18 we have a sharp decrease in the surface water
temperature to 12.6 °C already in the beginning of September.
This indicates strong convection or an increased inflow of
cold water from the North Sea. If we study the winds during
September we can see that strong westwinds predominated,
leading to a decrease of the Baltic current which supplies
Kattegat with less saline water and an increase of high saline
water from the North Sea.

In fig. 19 we also find an increase in salinity in the upper
layer. Fig. 20 shows a slight increase of the oxygen
concentration in the surface laver at the same time and from
data of the nutrients, low phosphate, nitrate and silicate
values, we conclude that the primary production still is high.
Alltogether this proves that there has been an increased
inflow of oxygen rich and saline water from the North Sea, and
that there has been no significant convection.

According to Fig. 20 the oxygen conditions were satisfying
during the greater part of the year. Only during September-
October the concentrations were low - down to 18 per cent
saturation - in the deep water. In late October the conditions
had improved again.

Lotta Fyrberg




3.3

PETROLEUMKOLVATEN

Provtagning har genomférts i hela havsomrddet under expeditio-
nerna 1 maj-juni och november-december. Liksom under tidigare
ar ar programmet mer omfattande 4&n vad som ingar i miljé-
kontroll enligt PMK. Forutom de stationer, som féreskrivs
{Anholt E pa Vastkusten och i Ostersjon BY 2, BY 5, BCS
III-10, BY 15, BY 28 och BY 31, samt i Bottniska Viken SR 5
och BO 3) har prover tagits pa stationerna SW Vinga och
Fladen. Stationernas lidgen framgdr av kartan i figur .
Dessutom har dubbelprov tagits forutom pa 1 m daven pa 10 m och
30 m féor att f& en battre uppfattning om foérdelning av
kolvateférekomsten.

Analyserna utfordes liksom tidigare med den fluorescensfoto-
metriska metod som rekommenderats for Helsingforskommissionens
monitoringprogram, BMP (1).

Enligt metoden skall miatningarna géras vid en vaglidngds-
kombination, som ar 310 nm fo6r excitation och 360 nm for
emission. Nar den metoden introducerades hade laboratoriet
redan arbetat med en nastan identisk metod dar matningarna
gjordes vid tre olika vaglangdskombinationer; 230/340 nm,
270/360 nm och 310/400 nm. Dessa valdes for att representera
oljor av typerna latt, medium och tung eldningsolja. Sedan
matningar av petroleumkolvaten togs upp i1 PMK har matningarna
gjorts vid alla fyra vaglangdskombinationerna fér att ge
underlag for en jamférelse mellan de tva satten att madta och
utvardera.

Tills dess att tillrackligt jamforelsematerial finns, disku-
teras har endast resultat som baseras pad de tre beskrivna
kombinationerna. Vanligen innehaller proven sa laga halter
fluorescent material att man endast kan géra matning vid de
fasta vaglangderna; nagon registrering av kompletta emissions-
spektra ar inte mdéjlig. Av detta skal har nagon karak-
tirisering av de amnen som ingar i proven inte kunnat géras.
Eftersom proverna inte karaktariserats som dominerade av liatt,
mellantung eller tung olja anvands medelvardet av de tre
bestiamningarna som ett matt pa varje provs innehdll av
petroleumkolvidten. Resultaten blir pa detta satt jamforbara
med tidigare ars matningar, men diremot inte direkt jimforbara
med matningarna vid andra institut inom BMP-verksamheten.

I figur 21 visas resultaten frin 1986 som medelvarden av ana-
lyserna fran var- och hostprovtagningarna. Resultaten anges i
ug/l och for de flesta stationerna redovisas resultat fran
djupen 1 m, 10 m och 30 m. Flera av viardena fran norra
Ostersjon och Bottniska Viken visar férhdéjda halter jamfort
med medelvirdena fran en femdrsperiod 1981 -1986 (figur 22).
Samma forhallande galler for proven fran 30 m pa station BY 2
i Arkonabassangen (jamfor stationskartan i figur 1). De
forhdojda vardena 1ligger pa samma niva, eller nagot lagre,
jamfort med medelvardena fér tvaarsperioden 1977 - 1979, som
redovisas 1 figur 23.

En direkt jamforelse mellan resultaten i1 figurerna 22 och 23
indikerar att halterna av petroleumkolviten gatt ned under
perioden 1977 till 1985. Detta rapporterades som ett preli-
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(1)

minart resultat vid Helsingforskommissionens seminarium om
oljefdéroreningsfragor (Norrképing, november 1986), med den
klara reservationen att materialet maste genomgd en statistisk
analys foér att avgora om sankningen ar signifikant.

Den typ av (skenbar) o6kning av halterna, som speglas i
resultaten frin 1986 maste analyseras pa tva satt. Férutom den
statistiska analysen, som redan namnts, midste kompletterande
kemiska analyser utfoéras.

I férutsattningarna for valet av fluorescensmetoden pdpekade
en arbetsgrupp inom Helsingforskommissionen att metoden ar
mycket anviandbar, men att den inte dr specifik fér kolvaten
fran mineralolja. Metoden rekommenderades darfér for Over-
siktliga matningar. Man papekade ocksa att niar férhéjda halter
pidtraffas, skall kompletterande analyser utfdras. For detta
krdvs tillgdng till modern gaskromatograf, helst kopplad till
en masspektrometer for saker identifikation av de komponenter
som finns i proven. Dessa resurser finns inte tillgangliga for
PMK-programmet.

Hittills har alla analysdata hanterats manuellt. Under det
kommande aret kommer analysresultaten att overfdoras till
laboratoriets databas, sd att en statistisk analys kan géras.

Referens:

Guidelines for the Baltic Monitoring Programme for the Second
Stage. Baltic Sea Environment Proceedings No 12.

Baltic Marine Environment Protection Commission, Helsinki
1984. ISSN 0357-2994.

PETROLEUM HYDROCARBONS

Sampling was carried out in the entire sea area during May -
June and November - December. As in previous vyears the
programme is an extended version of the PMK including some
more stations and sampling at not only 1 m, but also at 10 m
and 30 m in order to get a better view of the likely distri-
bution of the petroleum hydrocarbons. The stations are 1listed
in the Swedish text and the locations shown in Figure 1.

The analyses were carried out according to the Guidelines for
the BMP; the monitoring programme of the Helsinki Commission.
The method is based on ultraviolet fluorescence photometry
with measurements at the fixed combination of wavelengths; 310
nm for excitation and 360 nm for emission. In addition to
this, measurements were made at the combinations 230/340 nm,
270/360 nm and 310/400 nm as has been the case since 1977.
This selection of wavelengths was made to represent 1light,
medium and heavy o0il respectively. B8y making measurements
according to the two methods it will be possible to make
comparisons between the PMK and BMP monitoring data in the
long time series produced by the laboratory.
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Until such a comparison can be made only the data from the set
of the three wavelength combinations are reported. Thus the
results can be compared with previous data of this laboratory
but not directly compared with data from other institutes
within the BMP programme.

Normally the hydrocarbon concentrations are too low to allow
recording of emission spectra in the analysis. Therefore no
characterization of the compounds in the samples was possible.
The results reported are thus the mean values for the three
wavelength combination readings of each sample. Duplicate
samples have always been analysed.

In Figure 21 the results from 1986 are shown as mean values of
the samples from the spring and autumn samplings. The results
are given in ug/l and in most cases for all three depths of 1
m, 10m and 30 m. Most of the values from the northern Baltic,
as well as from the Gulf of Bothnia exceed the mean values
from the period 1981 - 1986 as shown in Figure 22. The same
condition was found on 30 m at the station BY 2 in the Arkona
Basin. The increased values are at the same level (or
slightly lower) as the mean values from the period 1977 - 1379
as shown in Figure 23.

A comparison between the data in Figure 22 and 23 indicate
that the hydrocarbon levels have decreased between 1877 and
1985. This was reported as a preliminary result at a Seminar
on 0il Pollution, arranged in Norrkoping (November 1986) by
the Helsinki Commission. However, there it was also stressed
that the material must be analysed statistically before final
conclusions can be drawn.

The kind of increase, true or apparent, as reflected in Figure
21 must be analysed in two different ways; statistically and
chemically. When the current method was recommended to the
Helsinki Commissiom by one of its working groups, the group
also stressed that the method was non-specific for petroleum
hydrocarbons. It was recommended for screening purposes and it
was pointed out that samples with elevated concentrations
should be analysed with more qualified methods e.g. gas
chromatography and mass spectrometry to verify the results.
Such resources have not been available to the monitoring
programme.

Up to present day the results have been treated manually.
During 1987, after some development work on programming, the
data will be entered into the general oceanographic computer
system of the laboratory in order to enable us to carry out
the statistical analysis.

Stig R. Carlberg and Lotta Fyrberg




3.4

PRIMARPRODUKTION OCH KLOROFYLL

Primarproduktion har utforts enligt den 14C—metod som fére-
skrivs i Helsingforskommissionens monitoringprogram, men med
den avvikelsen att provtagning skett pd standarddjupen 0, 2,
5, 10, 15 och 20 m. Dessa djup ger en god oOverblick oOver
produktionen i den fotiska zonen.

En var- och en hostexpedition inom ramen for PMK har gjorts i
hela havsomraddet fran Kattegatt till Bottniska viken. Ytter-
ligare en PMK-resa har gjorts i Kattegatt i mitten av april,
den senare for att kunna se om det sker nagra stora forand-
ringar under varen. Det synes dock som att det ar nagot sent
for att fanga planktonblomningens maximum. Resultaten wvisar
att varblomningen ar i avtagande men vardena vid Fladen ar
annu férhdllandevis hoga.

PEX (Patchiness EXperiment) var ett internationellt samarbets
projekt i Ostersjon som genomférdes i slutet av april och
bérjan av maj, da en intensiv studie gjordes. Proverna analy-
serades ombord pa U/F Aranda, tillhoérigt Finland, och radata
levererades under expeditionen och senare under sommaren.
Utvarderingen gjordes av SMHI:s oceanografiska laboratorium.
Under PEX framkom att en interkalibrering av primarproduk-
tionsmetoden var av noden da de olika linderna hade stora
avvikelser mellan resultaten.

PMK-resan 1 maj-juni visade fér drstiden normala virden eller
niagot 1laga i Ostersjon och att algblomningen ar nara eller pa
topp i Bottenhavet. Langst upp 1 norr observerades normalt
laga varden. F 2, den nordligaste stationen, blev nagot
forskjuten soéderut vid provtagningen p.g.a. 1is.

Novemberexpeditionen visade att primarproduktionen ar avta-
gande trots att det for arstiden var ovanligt varmt i vattnet.
Figurerna 24-26 visar en Jjamforelse mellan maj/juni och
november pa samtliga primarproduktionsstationer.

Klorofyll hér samman med primarproduktionen och prover togs pa
samtliga primarproduktionsstationer samt de odvriga PMK sta-
tioner dar samtliga parametrar utom primarproduktion tas.

Under PEX, som namnts ovan, togs klorofyll i samband med
primarproduktionen.

I maj togs samtliga stationer. Dock blev F 2, den nordligaste
stationen, ndgot forskjuten sdéderut p.g.a. is.

I november togs samtliga stationer.
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PHYTOPLANKTON PRIMARY PRODUCTIVITY AND CHLOROPHYLL

Primary productivity and chlorophyll were sampled on the usual
stations. The values show that it probably is somewhat late to
take samples 1in the Kattegat in April, to detect the maximum
of the phytoplankton bloom. Otherwise the primary productivity
and the <chlorophyll values were normal in the Kattegat, the
Baltic and the Gulf of Bothnia.

Eva-Gun Thelén
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4.1

SARSKILDA STUDIER

LANGTIDSVARIABILITET AV LOST SYRGAS I USTERSJONS DJUPVATTEN
AV
STIG H. FONSELIUS

Foredrag hallet vid Baltic Sea Monitoring Symposium
Tallinn, USSR 10-15 mars 1986

Svensk sammanfattning

Temperatur, salthalt och 1l6st syrgas har matts pa nigra djup-
stationer i Ostersjon sedan 1890-talet. Detta arbete har
utfoérts av laboratorier frin olika Ostersjostater. Under denna
tidsrymd har observationsserierna endast avbrutits genom de
tva varldskrigen.

I arbetet diskuteras 1langtidstrender f6r 1loést syrgas och
vattnets densitet i djupomrddena. Densiteten ar en funktion av
temperatur och salthalt. Syrgashalten i Ostersjons stora
centralbickens djupvatten har minskat fran 2-3 ml/1 till om-
kring noll och svavelvatebildning har konstaterats i det
syrefria vattnet. Svavelvateforekomsten ar oregelbunden och
vaxlar med perioder med lig syrgashalt. Svavelviteperioderna
visar en tendens att 6ka. Orsaken till svavelvateforekomsten
dr oregelbundna infloden av vatten med ovanligt hdog densitet
frian Kattegatt. Detta fororsakar stagnation av bottenvattnet,
som kan ligga kvar i minga ar. Diagram som visar syrgasminsk-
ningen, svavelvatebildningen och densitetsvariationerna disku-
teras. Svavelvatehalten uttrycks i figuren som "negativt syre”
for att goéra svavelvitebildningen jamférbar med férlusten av
syrgas genom oxidation av organsikt material. Man har ocksa
observerat minskning av syrgashalten i Bottniska vikens
djupaste omrdden. Denna minskning ar ungefar 2 ml/1 {(frin om-
kring 7 ml/1 till 5 ml/1l).

Frdn 1950-talet har observationsmaterialet okat enormt och
darfor har syrgas- och salthaltsvariationerna efter denna tid
studerats nirmare. Diagram fridn olika djupstationer wvisar
syrgasminskningen, svavelvatebildningen och salthaltsdékningen
samt variationer av dessa. En jamférelse visar ett samband
mellan minskande syrgashalt och 6kande salthalt i djupvattnet.
Den okande salthalten ar den primara orsaken till de minskande
syrgashalterna och svavelvatebildningen, men manniskans
aktiviteter genom tillforsel av litt oxiderbart organiskt
material och nédrsalter genom avloppsvatten fran kommuner och
industrier och genom jordbruket, har tydligt foérstarkt syrgas-
nedgidngen.




ON LONG-TERM VARIATIONS OF DISSOLVED OXYGEN IN THE DEEP WATER
OF THE BALTIC SEA
BY
STIG H. FONSELIUS

Paper presented at the Baltic Sea Monitoring Symposium,
Tallinn, USSR, 10-15 March 1986

ABSTRACT

Temperature, salinity and dissolved oxygen have been measured
on some deep stations in the Baltic Sea since the 1890:s. This
work has been carried out by laboratories from different
Baltic Sea countries. During this period the observation
series have been broken only by the World Wars. In the present
paper long-term trends of dissolved oxygen and salinity in the
deep water are discussed. The oxygen concentration of the deep
water in the large central basin of the Baltic sea proper, has
decreased from 2-3 ml/l to zero and hydrogen sulphide has been
observed in the oxygen free water. Diagrams showing the oxygen
decrease and the hydrogen sulphide formation are discussed.
The hydrogen sulphide is expressed as “negative oxygen" 1in
order to make hydrogen sulphide formation comparable with the
loss of oxygen through oxydation of organic matter. Also 1in
the Gulf of Bothnia decreasing oxygen concentrations have been
observed in the bottom water. This decrease is approximately
2 ml/1 (from around 7 ml/1l to 5 ml/l). From the 1950:s the
amount of observations has increased enormously and therefore
the oxygen variations during this period have been studied
closer. During the century the salinity has increased in the
Baltic sea. A comparison shows a close relation between
decreasing oxygen concentrations and increasing salinity in
the deep water. The increasing salinity is the primary reason
for the decreasing oxygen values, but the activities of man
through discharge of easily oxydable organic matter and
nutrients into the water, <clearly has enforced the oxygen
decrease.
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In the Baltic sea area we are fortunate to have very long
series of observations of temperature, salinity and oxygen,
measured at some main hydrographic stations since the 1890:s.
This work has been carried out by hydrographical or
oceanographical laboratories from the different countries
surrounding the Baltic sea. When the ICES was founded in 1902
the work was divided between the countries in order to cover
the main international stations at least once every vyear. In
the beginning the work was not carried out very regularly. For
some years data are completely missing. Often only one annual
expedition has been carried out. Most of the results were
published in the Bulletin Hydrographique of the ICES and later
in their data reports. Some countries preferred to publish
their data in their own series and it is not easy to get
access to all data. Some data series have never been published
and can only be found in form of protocolls in the files of
some laboratories. Unfortunately the two World Wars
interrupted the work, causing gaps of several vyears in the
series. After World War II the amount of hydrographical expe-
ditions has increased enormously and ICES could not anymore
handle the 1large amounts of data and the publication of data
was taken over by data centres in the different countries. The
development of the computer technique has now made it possible
for ICES to gather and store all data and these are again
available at ICES in Copenhagen.

However, there exist data, which I have not been able to
track. Soskin (1963) gives an excellent table of annual mean
values of salinity in the Gotland Deep from 1902 to 1960.
Some of these values are actually single measurement series,
carried out by the Institute of Marine Research in Helsinki
but other measurements are of unknown origin and these are
difficult to track, because I do not know if they are single
series or mean values of several measurements. In my work I
have left out some few data series which are obviously wrong.
From 1902 the Winkler method for analyses of dissolved oxygen
has been used in the Baltic sea area and therefore the oxygen
values for the whole century are comparable. Only minor
changes in the titration method have been introduced.

The hydrographic condition in the Baltic Sea are characterized
by irregular inflows of Kattegat water with high density,
which penetrates into the Baltic Sea over the sills at Darss
and Drogden. Fig. 1 shows a map of the Baltic Sea with the
main hydrographic stations mentioned in the present paper. The
inflowing water streams along the bottom <filling up the
different deep basins of the Baltic. The temperature of the
water is relatively constant and the salinity has therefore
the main influence on the density. Small inflows only reach
the first deep basins and inflows with lower density may pass
over a basin filled with water with higher density. A major
inflow proceeds along the following pattern. First the Arkona
basin is filled up to the sill depth. Then the water continues
filling up the Bornholm basin. When the sill depth has been
reached, the water continues eastward toward the eastern Got-
land basin. A part deviates to the Gdansk basin, but the main
part continues to the Gotland Deep and when that is filled, to




Kattegat

FIG. 1
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the Faro Deep. From the Faré Deep the water may continue to
the north. A part goes to the Gulf of Finland, filling the
bottom cavities of the northern main basin. The main part
continues counterclockwise around Gotland, first to the
Landsort Deep, then to the Norrkoping Deep and the deep area
between Gotland and the Swedish main land. Finally the
remaining water reaches the Karlso Deep. From there the water
cannot continue, due to shallow areas in the south and it is
therefore mixed up into the surface water. Also in the Gulf of
Finland the inflowing water is mixed into the surface water.
The sill between Finland at Sweden south of the Aland Sea
prevents the deep water from flowing into the Gulf of Bothnia.
Only a very small amount of it can pass through a narrow 70 m
deep canyon {(Fonselius 1969).

In the present paper I will limit myself to the conditions in
the deep water below the primary halocline. Fig. 2 shows
annual mean values of salinity in the Gotland Deep at 200 m
from 1893 to 1982 (Fonselius et al 1984). Most of the values
before 1950 are taken from Soskin (1963). We can see the gaps
with missing values during the wars. We can also see that the
salinity generally is much higher after WW II. At present the
salinity is slowly decreasing, but it has not reached the low
values before the war. We can also see that two major inflows
have occurred during the present century. The first occurred
during or just after WW II, when the measurements had not yet
begun. The salinity was very high in 1922 and decreased conti-
nuously wuntil 1932, The 1largest salt inflow ever recorded,
started in November - December 1951 and continued during the
first part of 1952 {(Wiartki 1954). After that the salinity has
been decreasing, even if some smaller inflows can be seen.
Most of the values between 1947 and 1951 can only be found in
Soskins work {Soskin 1963) and it has not been possible for me
to find the original source of these data. Especially the
value for 1948 seems to be rather dubious. Fig. 3 shows the
annual salinity means for the bottom water of the Bornholm
basin for the same period as the Gotland Deep. We can easily
find the two high peaks in 1920 and 1951, caused by the two
earlier mentioned 1large salt inflows, but there are no
indications of a salinity inflow in 1947 or 1948.

Fig. & shows the development of the oxygen conditions in the
deep water of the Gotland Deep during the present century. The
information regarding oxygen conditions before WW II are also
rather scarce, but we can anyhow see that there has only once,
in 1932, been observed hydrogen sulphide formation in the
bottom water. The hydrogen sulphide is formed through oxygen
utilization in the breakdown of organic matter, which sinks
down into the basin from the surface. First the dissolved
oxygen of the water 1is utilized and then the oxygen of the
nitrate ions is used in a bacterial oxidation. Finally the
oxygen of the sulphate ions is used by sulphate reducing
bacteria for oxidation of organic matter. The sulphate 1is
reduced to hydrogen sulphide. We can see that after WW II the
occasions with hydrogen sulphide formation get more and more
frequent and that we at present have the largest and longest
hydrogen sulphide period , which is still «continuing in the
Gotland basin.
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It 1s obvious that the hydrogen sulphide formation is caused
by stagnation of the water in the basin. Oxygen is utilized in
the oxydation of organic matter and because no new water is
replacing the old stagnant water, the dissolved oxygen goes
down to zero and the sulphate reduction begins close to the
bottom. At the beginning of the century we find the limit for
3 ml/1 oxygen at 110-120 m depth. During the 1930:s this limit
was found between 75 and 120 m. After WW II the 1limit 1is
oscillating between 60 and 90 m. During the last five years
this boundary seems to be sinking downward. Fig. 5 shows the
density distribution in the Gotland Deep in the same manner as
the oxygen diagram. We can here see the 1inflows of Kattegat
water and the following stagnation periods. The most striking
event is the large salt water inflow in 1951 (Wurtki 1954).
This inflow seems to have been a real catastrophe for the
conditions in the deep water. The Baltic Sea has not vyet
recovered from the effects of the large inflow. Even small
inflows of salt water cause hydrogen sulphide formation
because the oxygen of the new water is quickly used up in
reactions with the hydrogen sulphide of the o0ld water and
oxydation of organic matter. From 1980 the density of the deep
water is decreasing and sooner or later new water will flow
down 1into the Gotland Deep renewing the water and forcing the
old stagnant water northward into the Baltic Proper.

In the next section [ will discuss the salinity and oxygen
conditions in the Baltic Deep Water after WW II more in
detail. Fig. 6 shows the salinity variations in the bottom
water of the Bornholm basin (BY 5) from 1957 to 1986. We find
seven periods with stagnation, where the salinity is slowly
decreasing from a maximum. Smaller inflows occur, but the
stagnant water is not completely replaced. During stagnant
conditions the salinity 1is generally decreasing due to
diffusion and turbulence, until the density gets so low, that
new water can replace the stagnant water. Fig. 7 shows the
oxygen variations in the bottom water of the Bornholm basin
during the same period. Every maximum in salinity corresponds
to an oxygen maximum and during the stagnation period the
oxygen concentration decreases. If the stagnation period is
long enough, hydrogen sulphide is formed. In all the following
oxygen diagrams, hydrogen sulphide is expressed as "negative
oxygen" in ml/l. For the formation of one sulphide ion, four
oxygen atoms are utilized, corresponding to two oxygen mole-
cules. Therefore the hydrogen sulphide values have been
multiplied by two, thus indicating the equivalent amount of
oxygen utilized (Fonselius 1969).

The following figure (Fig. 8) shows the salinity variations in
the Gotland Deep from 1951 to 1986 at 200 m. We can see how
the salinity after the large inflow in 1951 decreases from 14
salinity units to 12.7 in 1961, when the water is replaced by
an inflow of new water with higher salinity. Then follows a
shorter stagnation period and a new inflow in 1964. A new
inflow occurs in 1966-67, the next 1969-1970 etc. A large
inflow occurred in 1977 and a smaller in 1984, but the sali-
nity is clearly decreasing and it has never since the large
inflow in 1951 been as low as it is at present (at the end of
1985). Fig. 9 shows the corresponding oxygen diagram and again
we can see that every salt water inflow also has an oxygen
maximum with a following decrease of the oxygen and a final
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hydrogen sulphide formation. We may also note that the inflows
after 1978 have not been large enough to get rid of the large
amounts of hydrogen sulphide in the basin. We have now
(January 1986) had hydrogen sulphide in the deep water of the
Gotland Deep for eight vyears. This 1is the 1longest period
without renewal of the water during the whole measuring
period.

It 1is often <claimed that the hydrogen sulphide formation in
the Baltic Sea deep water has been caused by Man. The inflow
of saltwater with high density have, however, not been caused
by human activities. As I earlier shown, hydrogen sulphide was
formed already in 1932 in the Gotland Deep after the long
stagnation period during the 1920:s and there may have occur-
red earlier hydrogen sulphide periods before the measurement
program was started. Evidence of such periods have been found
in sediment cores (Ignatius et al. 1971, Hallberg 1974,
Niemisto et al. 1974). From this it is quite evident that the
primary reason for the hydrogen sulphide formation is the
stagnation, caused by inflows of water with high density. The
formation of hydrogen sulphide is thus caused by natural
physical and biochemical phenomena. Man may have increased the
amount of organic matter in the water and therefore may have
increased the oxygen utilization. The periods with hydrogen
sulphide may have become more frequent.

Fig. 10 demonstrates the salinity variations in the northern
part of the Baltic Proper. Also here we find large salinity
variations in the bottom water (station BY 28). We can also
see how the salinity begins to decrease in 1978. In Fig. 11 we
see the corresponding oxygen diagram. We find occasional
hydrogen sulphide formation after larger inflows of water with
higher density. Fig. 12 shows the salinity variations in the
Landsort Deep from 1951 to 1986. We recognize most of the
inflows in the Bornholm basin as salinity maxima, but they are
delayed up to two years, showing the propagation time of the
bottom water. The picture is often disturbed by inflows, which
move faster, passing over basins with higher density. Also
here we can see the decreasing salinity from 1979. Fig. 13
again shows the corresponding oxygen diagram. Hydrogen
sulphide was for the first time formed in the Landsort Deep in
1968. It is also interesting to note that the hydrogen
sulphide disappeared from the Landsort Deep at the end of
1984, showing that an inflow, which was not strong enough to
renew the water in the Gotland Deep, was large enough to renew
the water in the Landsort Deep.

Finally I will show the conditions in the Karlsé Deep. Fig. 14
shows the salinity variations and we may again note the
decrease from 13979. Fig. 15 shows the oxygen variations. Here
we may note the high frequency of hydrogen sulphide periods
between 1968 and 1980 and how the oxygen conditions then have
begun to improve. From the extremely 1low densities of the
bottom water in the deep basins, we may conclude that the
water very soon will be replaced by new water with higher
density. But what kind of conditions are needed for that? We
know from Wirtkis paper (1954) the conditions which caused the
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large inflow in 1951, but do we have to wait for such
conditions now, or will the exchange occur smoothly Just
because the density of the bottom water has become as low as
it is now? Therefore it is very important that the Baltic
160SS pilot project for monitoring possible saline fluxes,
gets started as soon as possible. It may give us an unique
possibility to study the expected large inflow.

In a previous paper (Fonselius 1984) I have demonstrated the
decreasing of dissolved oxygen in the bottom water of the
Bothnian Sea. Fig. 16 shows an example from the Ulvo Deep in
the Bothnian Sea. The oxygen content of the water at 150-200 m
depth has decreased with almost 2 ml/l1. The correlation
coefficient is -0.73 . The situation is, however, far from
serious, most values between 1970 and 1985 are between 5 and 6
ml/1. The Bothnian Bay is too shallow and the stratification
of the water 1is too weak to cause stagnation periods. At
present there is no risk for oxygen deficit and hydrogen
sulphide formation in the deep water of the Gulf of Bothnia.

Hydrographic measurements have been carried out during almost
a century, but what do we really learn from such series? What
are we studying? The following figure (Fig. 17) by Hallberg
(1978) shows roughly the salinity variations in the Baltic
basin from the time of the Baltic Ice Lake to our time. The
Baltic Sea has gone through very different stages with drastic
changes in salinity. The Baltic Ice Lake was a fresh water
lake, which disappeared around 8000 BC and was replaced by the
Yoldia Sea which had a high salinity. The next stage was the
Ancylus Lake with fresh water around 6000 BC. Then we got the
Litorina Sea, again with almost oceanic conditions. The stage
with decreasing salinity from around 2000 BC to AD 1is <called
the Limnea Sea. Then follows the Baltic Sea with a minimum in
salinity around 1000 AD. Since then there seems to have been a
slight increase of the salinity. But real salinity measure-
ments begun in the 1890:s. The period from 1890 to 1985 is
hardly more than a spot on the curve in the figure.

Can we really from our results predict if the salinity of the
Baltic sea is increasing or decreasing? Our series maybe only
show the "background noise"” of a larger trend which we during
our life time will not be able to see. Our life is too short
for measuring geological phenomena. The scientists of the
Baltic Sea countries active during the second part of the next
century, will probably get a chance to find out what really
was happening in the Baltic Sea during our life span, provi-
ding that no new wars will cause long gaps in the observation-
series.
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4.2

PATCHINESS

PEX (the Patchiness Experiment) utférdes i april-maj i ett
omrade SSE Gotland. PEX gick ut pd att underséka olika
fysikaliska, kemiska och biologiska parametrars flackvisa
variationer 1 tid och rum i havsvattnet under plankton-
varblomningen. I experimentet deltog sammanlagt 15 fartyg och
ett flygplan. Dessutom utnyttjades satellitbilder fran ameri-
kanska satelliter. Koordinator for experimentet var B.I.
Dybern fran Havsfiskelaboratoriet i Lysekil. Deltagande fartyg
var Aranda fran Havsforskningsinstitutet i Helsingfors, Arnold
Veimer fran Institute of the Baltic Sea fran Tallinn, Lev
Titov fran Hydrometeorologiska institutet i Kleipeda, Oceania
och Sonda fran polska Vetenskapsakademiens Oceanologiska
institut i Gdansk, Hydromet fran Institute of Meteorology and
Water Management i Gdynia, Wieczno fran Fisheries Institute i
Gdynia, Professor Albrecht Penck fran ost-tyska Vetenskaps-
akademiens Havsforskningsinstitut 1 Warnemunde, Alkor och
Littorina frdn Kiels wuniversitets havsforskningsinstitut i
Kiel, Gauss fran Tysklands hydrografiska institut i Hamburg,
Victor Hensen fran Havsforskningsinstitutet i Bremerhaven,
Argos fradn Fiskeristyrelsen i Goteborg, Svanic fran Oceano-
grafiska institutionen vid Goteborgs universitet i Goteborg
samt TV 171 fran svenska kustbevakningen, Karlskrona. Kustbe-
vakningen hade aven stallt ett flygplan till fdérfogande.

Alla fartygen utom Victor Hensen (som endast lade wut
strommatarsystem fore experimentet) samlades 1 Karlskrona
mellan den 21 och 23 april for forberedande interkalibrering
av instrument och arbetsmetoder och for diskussion av sjalva
programmets praktiska detaljer. Omkring 150 forskare och tek-
niker samt 190 befal och manskap traffades i Karlskrona under
dessa dagar och fick tillfalle att besdoka varandras fartyg. De
flesta forskarna deltog ocksa 1 det samtidigt pagaende
Ostersjosymposiet.

Den 23 april pa morgonen avseglade fartygen till PEX-omradet.
Ombord Argos deltog personal fran SMHIs oceanografiska labora-
torium 1 Goteborg, SMHIs forsknings- och utvecklingssektion 1
Norrkoping, samt fran Havsfiskelaboratoriet i Lysekil. Forsta
dagen inom PEX-omradet agnades at forankring av strommatar-
system och interkalibrering av CTD och syrgasanalys. Samman-
lagt forankrades 13 strommatarsystem. Sjalva PEX-omradet
utgjordes av en stor rektangel 20 ganger 40 sjomil. Fyra
fartyg forankrades pa tva permanenta stationer, tva pd varje.
Dessa fartyg utforde kontinuerliga matningar av fysikaliska,
kemiska och biologiska parametrar dygnet runt. Dagligen
utfordes sex hydrografiska snitt innefattande 11 stationer,
med provtagning pa faststdallda klockslag. Arbetet utfordes
under ljusa tiden av dygnet och snittet tog 16 timmar att
utfora. Sju fartyg deltog 1 detta arbete genom att Lev Titov
och Svanic delade pd ett snitt. Dessa tvd fartygs kapacitet
var for liten for att kunna arbeta ensamma. De forankrade
fartygen och strommatarbojarna var placerade mellan snitten.
Arbetet pagick till den 7 maj med ett avbrott for
proviantering och vatten- och brianslepdfyllning for de mindre
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fartygen 1 Visby 31 april till 1 maj. De flesta fartygen
passade di pa att besdka Visby.

Littorina utforde i omradet ett driftexperiment, dar hon
fo6ljde och bevakade drivande bojsystem. TV 171 1lade ut ett
system av stromkors, vilkas spridning foljdes under en veckas
tid. Sonda anvandes som forbindelse- och postfartyg mellan de
storre fartygen och utforde dessutom optiska studier. Kustbe-
vakningens flygplan utfdérde ett flertal flygningar over
omradet och fotograferade med en IR-scannerkamera. Bilderna
togs ned till Argos. Dessutom bestalldes speciella sallit-
bilder fran NASA, som lovat koppla in sin CZCS under tiden for
PEX-programmet.

vadret var under hela experimentet mycket gott med endast
svaga vindar och programmet kunde genomforas planenligt.
Tyvarr foérlorades nagra strommatarsystem pa grund av det rov-
fiske som forsiggick i den vita =zonen, inom vilket wunder-
soékningsomradet delvis 13g. Mer 4an 150 trdlare fran olika
linder tridlade efter torsk i narheten. Bl.a. dterfick vi ett
svenskt bojsystem fran Hirtshals, dit det forts av en dansk
tralare.

De preliminara resultaten verkar mycket lovande och visar pa
att experimentet utfordes i ratt tid, d.v.s. mitt i plankton-
blomningen. Man kunde iakttaga hur stora fliackar med laga
narsaltshalter, hog klorofyllhalt och hog halt av partiklar
(plankton) bildats och hur dessa bredde ut sig och hur
ytvattnet homogeniserades genom att flackarna forenades och
ytvattnet forlorade praktiskt taget all fosfat och nitrat. Det
enorma datamaterialet samlas nu pa ICES sekretariat i
Kopenhamn fo6r kontroll och homogenisering. Resultaten och den
framtida bearbetningen av dessa skall diskuteras pa ett
flertal arbetssymposier, av vilka det forsta skall hallas i
Vilnius 1 maj 1987.

PATCHINESS

The Patchiness Experiment (PEX) was carried out SSE Gotland in
April-May. All together participated 15 ships from six
countries. The ships met the 21-23 April in the port of Karls-
krona for intercalibration of instruments and methods. Some
150 scientists and technicians and 190 officers and crew
members gathered together in Karlskrona and got opportunity to
visit ships and discuss the practical details of the experi-
ment. i

The 23 ships left the port and the first day at the PEX site
was used for anchoring current meters and for intercalibration
of CTDs and oxygen analysis. Two anchor stations were occupied
by two ships each, which carried out continous measurements
day and night of physical, chemical and biological parameters.
Seven ships were occupied by running parallel sections consis-
ting of 11 stations each. The program was run every day during
daylight. Physical, chemical and biological sampling and
analysis was carried out.



Two ships were occupied by following drifters in the area. A
coast guard airplane took pictures with an IR scanner. The
pictures were transmitted to the central ship. Satellite
pictures were also received from NASA. The program lasted
until May 7.

The program gave very interesting preliminary results, showing
patchiness with low nutrient content and high content of
chlorophyll and particles (plankton) in the patches. The
patches slowly disappeared by growing together. The phosphate
and nitrate almost disappeared from the surface water.

All data have been collected at the ICES secretariat in Copen-
hagen for control and homogenization. The data will be discus-
sed and worked during several work shops. The first will be
held in Vilnius in May 1987.

Stig Fonselius
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