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Background
The TARGREV project has established a method to assess the oxygen status (in terms of oxygen debt) of the
deep basins of the Baltic Sea. This method was successfully applied to the Northern Baltic Proper, Gotland
Basin, Gdansk Basin and Gulf of Finland.
For shallower waters like the WFD coastal waters and other areas in HELCOM open waters for which the
oxygen debt approach does not apply, there is no commonly agreed method yet to assess the quality of the
oxygen conditions.
The following paper summarizes existing approaches that were or still are used in the Baltic Sea though not
necessarily in MSFD context. It is an update of Meeting document 5-3 of EUTRO-OPER 3 which was submitted
by Germany and Denmark. It contains additional information from Poland, Sweden and other Contracting
Parties collected by the Project Manager. A summary table is given in Annex 1.

Action required
The Meeting is invited to discuss these methods, provide information about other national approaches that
might exist and give recommendations for future work regarding the development and operationalization of a
joint oxygen indicator for coastal and other shallow areas of the Baltic Sea.
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Assessment of oxygen status in shallower areas of the Baltic Sea
The TARGREV project has established a method to assess the oxygen status (in terms of oxygen debt) of the
deep basins of the Baltic Sea. This method was successfully applied to the Northern Baltic Proper, Gotland
Basin, Gdansk Basin and Gulf of Finland.
For shallower waters like the WFD coastal waters and other areas in HELCOM open waters1 for which the
oxygen debt approach does not apply, there is no commonly agreed method yet to assess the quality of the
oxygen conditions.
The following approaches are or have been used in the western area of the Baltic Sea:
1) Danish Reports on oxygen conditions in the western Baltic Sea area
Since many years, oxygen reports have been published by DMU(Danish Environmental Research Institute)
and in recent years by DCE (Danish Center for Environment and Energy, Aarhus University) on a regular
basis. Often, Swedish and German data have been included as well. In the period 1997-2001 three reports
and since 2002 four reports have been produced per year to cover the season where low oxygen values
are likely to occur in order to follow the development of oxygen conditions (all years: July/August,
September, October, since 2002: plus November) and assess the harmful effects. The results are
presented in a three-class system:
-

no oxygen depletion (>4 mg/l oxygen)
oxygen depletion (2-4 mg/l oxygen)
severe oxygen depletion (0-2 mg/l oxygen)

Examples are given in Fig. 1. The reports are available online.
In German waters, there are two approaches:
2) The oxygen concentrations in near-bottom waters (abt. 1 m from bottom) are classified according to the
following scheme:
>6 mg/l = good status
6 - >4 mg/l
= moderate status
4 - >2 mg/l
= poor status
2 - >1 mg/l
= bad status
1 mg/l and less = very bad status (H2S-production)
Measurements are taken from August to Oktober/November with focus on September. If there are
several measurements per station from this period, the worst of the measurement results is used for
oxygen classification. The classification system is still in use, but a final decision regarding its use for MSFD
purposes has not been taken yet. Some examples of how results are presented are given in Fig. 2. The
reports are available online.
3) Classification according to trophic status and organic matter. This classification scheme was used in
Mecklenburg-Vorpommern coastal waters from 1983 until about 2005 and builds on 3 sets of criteria
which are assessed equally (no weighing):
i)
ii)

nutrients (o-PO4-P, total phosphorus, DIN)
level of productivity (phytoplankton biovolume, chlorophyll a, Secchi depth)

1

HELCOM open waters are the Baltic sea waters seawards of the baseline + 1 nautical mile-border (see e.g. HELCOM, 2014.
Eutrophication status of the Baltic Sea 2007-2011 - A concise thematic assessment. Baltic Sea Environment Proceedings No. 143)
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iii)

oxygen regime and organic matter (oxygen saturation at surface, oxygen concentration near
bottom and biochemical oxygen demand)

This classification comprised 6 status classes depicting different trophic stages from oligo- to
hypertrophic (see Table 1) and was based on at least monthly measurements in surface and bottom
waters throughout the year. In case of shallow, well mixed water bodies without stratification,
classification was based on surface measurements only (the worst of the values was used for
classification). In stratified waters, near-bottom oxygen concentration was used in addition. The
classification was given up in the end because of differing demands coming with the Water Framework
Directive.

Fig. 1: Oxygen conditions in October 2012 depicting stations visited (top) and modelling results (bottom).
Source: J. W. Hansen et al. 2012, Iltsvind i de danske farvande i oktober 2012. Available online:
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http://bios.au.dk/fileadmin/bioscience/Fagdatacentre/MarintFagdatacenter/Publikationer/Iltsvindsrapport_o
ktober_2012.pdf

Fig. 2: Classification of oxygen concentrations in the bottom-near water layer of Schleswig-Holstein for
2011 (top) and for 2003-2006 in Mecklenburg-Vorpommern waters (bottom). Sources: T.
Petenati/LLUR, report available online: http://www.bsh.de/de/Meeresdaten/Beobachtungen/MURSYSUmweltreportsystem/Mursys_031/seiten/oso27_01.jsp

LUNG Water Quality Report 2003-2006, available online: http://www.lung.mvregierung.de/dateien/a3_pub_ggb_2003_2006.pdf
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Table 1: Classification according to trophic status and organic matter in Mecklenburg-Vorpommern coastal
areas until about 2005. Note: o-PO4-P not to be assessed in shallow sea areas with considerable interaction
between phosphorous and sediment (sorption/desorption-equilibrium)

Status class

1

2

3

Trophic level

oligotrophic

mesotrophic

eutrophic

4
highly
eutrophic

5

6

polytrophic

hypertrophic

Set of criteria/
unit
criterion
Nutrient conditions
o-PO4-P

µmol/l

≤ 0,5

≤1,5

≤3

≤5

≤ 10

>10

Total P

µmol/l

≤1

≤3

≤6

≤ 10

≤ 20

>20

DIN
(NO3+NO2+NH4)
Productivity level

µmol/l

≤ 10

≤ 30

≤ 60

≤ 100

≤ 200

>200

Phytoplankton
biovolume
Chlorophyll aconcentration
Secchi depth

cm3/m3

≤1

≤5

≤ 10

≤ 20

≤ 40

>40

mg/m3

≤2

≤ 10

≤ 25

≤ 50

≤ 100

>100

m

≥6

≥4

≥2

≥1

≥0,5

<0,5

90-110

80-130

60-150

40-200

20-250

0-300

≥8

≥6

≥4

≥2

<2

Oxygen and organic matter
Range of oxygen
% O2
saturation (min. –
max.)
Near-bottom
mg/l O2
oxygen concentration
BOD5
mg/l O2

anaerob

≤2

≤4

≤6

≤8

≤ 10

>10

4) Polish system of oxygen conditions assessment in the southern Baltic Sea
Until the implementation of WFD (2005) oxygen conditions were assessed only in off-shore areas of the Polish
EEZ, mainly in deep sea areas Gdańsk Deep, SE Gotland Basin and Bornholm Deep as well as in the deeper parts
of the Gulf of Gdańsk, adjoining to Gdańsk Deep. The assessment took form of the statement of oxygen or
hydrogen sulphide concentrations.
With the implementation of WFD a system of oxygen conditions assessment was developed based on minimal
oxygen concentration in near bottom water in summer (VI-IX). The same indicator (min. O2 concentration in
summer (VI-IX) was then applied for the MSFD implementation and initial assessment (2012).
Oxygen concentrations are measured (ca. 0.5 m above bottom in the shallow areas and 2 m above bottom in
the off-shore zone) at each station on each sampling/measurement occasion throughout the year; i.e. about 4
times within the WFD monitoring system and 3 times within the monitoring of off-shore areas [re. HELCOM
COMBINE monitoring]. The minimal oxygen concentration from the months June-September is taken for the
classification both in shallow and deep sea areas.
The following classification scheme is applied in the shallow water areas (MOŚ 2014):
>6.0 O2 mg/l = high status
6.0-4.2 O2 mg/l = good status
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No class limits are assigned for poor and bad quality statuses. [It is very rare that the minimal oxygen
concentration is <4.2 mg/l in coastal waters, infrequently it was measured in the Vistula Lagoon and Szczecin
Lagoon between 2000-2006 (IMGW-PIB 2012a)].
In the Initial Assessment for the MSFD implementation (IMGW-PIB 2012b) the classification system for
transitional and coastal waters was applied as presented above and for the deep water areas the system was
developed basing on concentrations expressed in volume units [cm3/dm3].
>4.0 O2 cm3/dm3 (5.7 mg/l) = good status
4.0-3.0 O2 cm3/dm3 (5.7-2.1 mg/l) = moderate status
3.0-2.0 O2 cm3/dm3 (2.1-1.4 mg/l) = poor status
<2.0 O2 cm3/dm3 (1.4 mg/l) = bad status.

References
MOŚ, 2014. Rozporządzenie Ministra Środowiska z dnia 22 października 2014 r. w sprawie klasyfikacji stanu
jednolitych części wód powierzchniowych oraz środowiskowych norm jakości dla substancji
priorytetowych (Decree of the Minister of Environment of 22 October 2014 concerning classification of
unit water bodies of surface waters and environmental quality standards for priority hazardous
substances), Dz.U. z 30 października 2014 r., poz. 1482, str.1-58; amendment of the earlier Decree from
2008 (in Polish)
IMGW-PIB, 2012a. Bałtyk Południowy w 2008 roku – charakterystyka wybranych elementów środowiska
(Southern Baltic Sea – environmental conditions in 2008). Instytut Meteorologii i Gospodarki Wodnej –
PIB, Warszawa 2012, 150 pp. (in Polish with English summary and subtitles)
IMGW-PIB, 2012b. Opracowanie wstępnej oceny stanu środowiska polskiej strefy ekonomicznej Morza
Bałtyckiego zgodnie z zapisami Ramowej Dyrektywy ws. Strategii Morskiej (Initial Assessment of the
marine environment of the Polish EEZ accroding to the MSFD requirements). Umowa numer 51/2010/F
z dnia 30.11.2010 zawarta z Głównym Inspektoratem Ochrony Środowiska, finansowana przez
NFOŚiGW, IMGW-PIB Oddział Morski w Gdyni, Instytut Morski w Gdańsku, Gdynia-Gdańsk 2012,
mimeogr. 193 str. (in Polish)

5) Information from Estonia
At the moment there is no O2 indicator used in Estonia. At the end of last year the new monitoring
programme and assessment needs were proposed to the Ministry and one suggestion also involved O2
measurements and development of an indicator in the near future.

6) Information from Latvia
Currently we do not have oxygen indicators with formalized class boundaries. In our assessments we
usually use two boundaries 4 and 2 mg/l. But we do not say that status is bad or not, we just refer to these
values to characterize the level of oxygen depletion.
The term "coastal" probably needs some further consideration. It is so because we consider coastal up to
10-12 m depth. In this case there is no need for oxygen indicators because water is mostly well mixed and
any oxygen consumption is balanced water mixing. But looking on Danish report I see that they report
areas further from coast and correspondingly deeper. So if the whole Gulf of Riga can be looked on as
"coastal" then we probably should start to think about oxygen indicators.

7) Information from Finland
In Finland there is no coastal oxygen indicator or oxygen assessment criteria in place.
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8) Swedish approaches for the assessment of oxygen conditions
a) Hypoxia testing and classification of oxygen conditions in Swedish coastal waters
This is the slightly shortened version of the English translation of the Swedish oxygen assessment method in
coastal waters (information provided by Philip Axe).
Introduction:
Oxygen is a key parameter for all biological life. In many coastal and marine areas in Sweden hypoxia is apparent
and inhibitory for the ecological system. Hypoxia is influenced by both physical and biological factors and can
occur all naturally. The oxygen content in the deep water directly affects the biological life in the bottom waters
and in sediments. Oxygen is consumed during respiration and decomposition of organic material and hypoxia
might occur. Oxygen content is therefore a good indicator on eutrophication if consideration is taken to the
volumes of deep water circulation in that area. The critical limit for how much pressure the ecosystem can
tolerate before the oxygen contents are affected varies between different water bodies. External, open areas
often have a good supply of oxygen in the bottom waters. However, there are exceptions. One such example is
the deep areas of the open Baltic Sea where oxygen deficient (hypoxic) or completely oxygen-free (anoxic)
conditions occur mainly caused by the enclosed situation of the Baltic Sea. Hypoxia can also occur in shallow
open areas in the southern part of Kattegatt where halocline often lies at such a depth that only a smaller volume
of deep water is at the bottom. The oxygen in the thin bottom layer is rapidly consumed and hypoxia arises. As
a result of rapid fluctuations in the halocline depth can there be large variations during a short period of time.

___________________________________________________________________________
Definition of terms 1:
Hypoxia = Oxygen deficiency. There is no exact limit of when hypoxia occurs. It depends on how different plant and
animal groups are adapted to survive in low oxygen concentrations. In the assessment basis the limit for oxygen
deficiency has been set to 3,5 ml/l.
Anoxia: Totally oxygen-free conditions.
Hydrogen sulphide: At anoxia hydrogen sulphide arises through microbial decomposition of organic material, where
sulphate is used as a source of energy and is transformed to hydrogen sulphate. Hydrogen sulphate is poisonous for all
higher organisms. Occurrence of hydrogen sulphide leads to dead bottoms.
Bottom water: Water right at or very near the bottom. Sampling of bottom water is done with a special bottom water
sampler just above the bottom (0,5-1,0 m).
Deep water: Is in this manual defined as the water that is under the thermocline that separates the oxygenated surface
layer and where problems with the oxygen content often occur.
Water circulation: The time, in days, it takes for the deep water in the water body to be exchanged.
The unaffected period: January-May. The period when oxygen conditions mainly are determined by the water bodies
natural properties.
The affected period: June-December. The period when oxygen conditions are determined by the natural properties and
by human/natural pressure.

___________________________________________________________________________
Hypoxia in Swedish coastal waters has the greatest distribution during the growing season, June- December,
when the bottom waters receive large quantities of biological materials to be decomposed at the same time as
the water exchange is inhibited by thermocline. Between January and May, before the spring bloom has begun
to sediment and the seasonal oxygen consuming decomposition of particulate organic material has begun, the
oxygen conditions can be good. Then it is mainly other factors that determine the levels of oxygen for example
weather conditions and morphological barriers such as threshold depths and maximum depths which in turn
decide the water exchange and supply of oxygen rich deep water. The oxygen concentration between JanuaryMay reflects a form of background value that is determined by the water body´s natural properties.
Types of hypoxia and data requirements:
There are different variations of hypoxia; seasonal, perennial and permanent hypoxia (see definition of terms 2
below). They differ in several ways; inter alia, it´s duration in time which results in different effects. Consequently
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it is hard to create general reference values and class boundaries which can be applied on all water bodies. It is
therefore necessary to classify a water body before its oxygen status can be determined. A water body is
classified as belonging to one of the five cases listed in the definition of terms below:
__________________________________________________________________________
Definition of terms 2:
A water body is divided into one of the following five cases:
1) Seasonal hypoxia – Occurs during late summer and autumn due to decomposition of organic material
added to the deep water during the year. The conditions returns to normal during the winter and the
early spring when the input of organic material is small and the absence of thermocline facilitates the
circulation (vertical mixing) of the deep water.
2) Perennial oxygen deficiency (anoxia) – Oxygen contents below the reference value (<3,5 ml/l) occurs
during several years. Turnover time in the deep water is < 1 year.
3) Permanent oxygen deficiency (anoxia) – Can occur in water bodies with very limited exchange of
water. Turnover time in the deep water is >1 year. Environmentally improving measures will have limited
or no effect on oxygen conditions. One example is enclosed areas, such as fjords.
4) Oxygenated deep waters – The oxygen level is above the reference value (>3,5 ml/l) all year around
for several years in a row.
5) Data missing- Measurements are missing or are deficient in space and time.

___________________________________________________________________________
Each body of water is categorized into one of the abovementioned cases in order to be able to make a status
classification. The categorization is made through a series of tests where the outcome determines how the water
body will be treated. The various tests and outcomes are described in detail in the following text:
Sampling methodology:
In order to be able to statistically evaluate the oxygen conditions it is required that the oxygen contents are
monitored frequently (monthly) during a continuous period of at least three years (preferably more). Since the
regrowth for bottoms exposed to intense hypoxia is set to approximately one year (time for fauna to recolonize
the oxygenated bottom) it is inadequate that one single year constitute the basis for status classification of water
bodies. Monitoring shall be made on a monthly basis at standard depths (0 m, 5 m, 10 m, 15 m, 20 m, 30 m, 40
m, etc.) to the bottom which means that water samples are made as close to the bottom as possible (less than
one meter from the bottom) in the deepest part of the water body. At shallow stations (bottom depth <10m) a
finer depth intervals might be required (e.g. 2,5 m).
It might be appropriate to monitor the concentration of hydrogen sulphide when it is suspected that it might
occur. To assure the quality of data the sampling and analysis shall be made by an accredited laboratory
according to HELCOM’s COMBINE Manual.

Test 1 – Is hypoxia a problem in the water body?
Test 1: Determine the station average based on the lower quartile of the observed oxygen contents in the
bottom water conducted every month over three years (January-December).

___________________________________________________________________________
To carry out test 1 it is required that oxygen data from the bottom water is available from a representative
station in the actual water body. The station shall be placed in the deepest part of the water body. If there are
several stations in the same water body, data from all stations should be used, or that the most representative
station is used. Data shall cover the entire year, preferably with monthly measurements. Model data can be
used if data is missing. Ultimately an expert assessment can be applied in order to determine the water body´s
status. The test is based on the specified reference value (3,5 ml/l) which ensure that the oxygen content does
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not have a negative effect on the water body´s ecosystem. A box and whisker plot is calculated for each body
of water (monitor station). Box and whisker plots show the distribution of number of data points within the
dataset; for the lower quartile (the lowest 25 % of the data points), inter-quartile (containing 50 % of the data
points), and the upper quartile (25 % of the highest datasets). Two outcomes are possible from test 1. They are
presented below:

Test 1 – Outcome 1a – No Hypoxia
The station average for January-December in the lower quartile exceeds the reference value (>3,5 ml/l). The
water body does not show any signs of hypoxia and can be considered to have oxygenated deep water. Status
with respect to the water body´s oxygen content can immediately be determined to high status.

Test 1 – Outcome 1b – Hypoxia occurs
The station average for January-December in the lower quartile fall below the reference value (<3,5 ml/l). The
water body has hypoxia and it is necessary to conduct test 2 in order to determine if it is seasonal, perennial or
permanent.

Test 2 – Is the hypoxia seasonal, perennial or permanent?
In water bodies where the oxygen content is less than 3,5 ml/l a determination must be made to see if it is
seasonal, perennial or permanent, based on the stations average for the period January-May during three
consecutive years.
Test 2 is limited in time to the months of January up until May which are considered to represent the
unaffected period. It also takes into consideration the water circulation in the deep water if these data are
available. In water bodies where data is missing or flawed can data that is developed by models (e.g. SMHI:s
kustzonsmodell) be used, alternatively an expert assessment can be done in order to determine the oxygen
status in the water body.

___________________________________________________________________________
Test 2: Determine the station average (unaffected period, January-May, during a three year period) at the
lower quartile of the observed oxygen contents in the bottom water. If possible, the water circulation is
determined in the deep water of the water body. Data on water circulation can be found in literature or be
calculated (See for example Engqvist, 1999 and Engqvist, 2002).

___________________________________________________________________________
Test 2 – Outcome 2a – Seasonal hypoxia
If the station average in January-May exceeds the reference value (>3,5 ml/l) and the water circulation in the
deep water is < 1 year, there is seasonal hypoxia. The water body shows no signs of problems with hypoxia
during the unaffected period. The hypoxia is limited to the autumn period and is therefore seasonal. Status
with respect to oxygen content in the water body is decided through classification method 1 (see below).

Test 2 – Outcome 2b – Perennial hypoxia
If the station average in January-May falls below the reference value (<3,5 ml/l) and the water exchange in the
deep water is < 1 year, there is perennial hypoxia. The hypoxia is prevalent all year around, even during the
unaffected period and thus is perennial. Status with regard to oxygen content in the water body is decided
through classification method 2 (see below).

Test 2 – Outcome 2c – Permanent hypoxia
If the station average for January-May falls below the reference value (<3,5ml/l) and the water exchange in the
deep water > 1 year, permanent hypoxia occur. The hypoxia is a result of limited water circulation in the deep
water and measures aiming at improving the environment will only result in limited or no positive effect on
the oxygen content in the bottom water. Status is decided by classification method 2 (see below)
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Classification of status:
There are two methods to determine the oxygen status of water body. Which method to use is dependent on
the outcome from test 1 and test 2 (see above). Water bodies that have seasonal hypoxia according to test 1
and 2 shall be classified based on method 1. Water bodies with perennial or permanent hypoxia shall be
classified based on how large area of the bottom that is exposed to hypoxia, that is method 2.

Status according to method 1 (for water bodies with seasonal hypoxia)
For water bodies with seasonal hypoxia the classification is made based on the results from test 1 (see above).
Status is determined based on the station average at the lower quartile (the lowest 25 % of the concentrations)
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of the observed oxygen content in the bottom water from January - December during a three year period. This
value is compared with the specified class boundaries in table 7.1 in order to determine classified status.
Status according to method 2 (affected bottom area, for water bodies with perennial or permanent hypoxia)
For water bodies with perennial or permanent hypoxia the status classification shall be based on the average
value of the oxygen contents for the months June-December during a three year period, and be expressed as
the proportion of the total bottom area that is exposed to this oxygen content. When classification is conducted
according to method 2 it is required that there is data collected from the entire water profile, from the surface
to the bottom. Every fifth meter in water depths shallower than 20 meters, and every 10 meters for depths > 30
meters and a sample with a bottom water sampler in order to determine the oxygen concentrations just above
the bottom. The bottom area exposed to hypoxia is calculated by the vertical distribution of the oxygen contents
and the hypsographic curve. The depth of the oxygen concentration 3,5 ml/l is calculated from every oxygen
profile and from the hypsographic curve, which gives the area of the sea floor exposed to hypoxia. Thereafter
the value is compared to the class boundaries in table 7.3 in order to determine the classified status.
In water bodies exposed to perennial or permanent hypoxia the hypoxia is usually caused by increased pressure
and natural morphological barriers that inhibits the water exchange. To set reasonable reference values one
calculates how much of the bottom area in the water body (applicable in a basin that is limited in area) that is
affected. The oxygen content in water bodies with perennial or permanent hypoxia during the affected period
cannot be better than the conditions prevailing during the unaffected period (January-May). The aim is to
separate the anthropogenically caused problem areas.
Hypsographs are developed for all basins in the Svenskt Vattenarkiv. Hypsographic curves describe how a water
basins surface area varies with depth, for each meter from the surface to the maximum depth (data files with
hypsographs for all Swedish water bodies are available at www.smhi.se). By linearly interpolating oxygen profiles
from discrete depths to cover the whole water column it is possible to find the critical depth when you first come
across oxygen contents that are less than or equal to 3,5 ml/l. On those occasions when the critical depth lies
below the deepest measurement the two deepest measurements are used to extrapolate the oxygen content
down to the maximum depth in order to possibly find the critical depth (figure 3.7). With this method one can
obtain the proportion of the bottom area of a basin that is affected.

Figure 7.3 and caption not translated

Reference values and class boundaries:
Water bodies with seasonal hypoxia
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The overall reference value for the oxygen content in Swedish deep waters has been set at 3,5 ml/l , lower values
causes hypoxia. The threshold for acute hypoxia is set to 2,1 ml/l, the limit where several benthic plants and
animals are exhibiting acute hypoxia. The limit between moderate and unsatisfactory is set to 1 ml/l. The limit
for poor status is set to when anoxic conditions occur and hydrogen sulfate (H2S) has been formed.
Table 7.1 Status for hypoxia in the bottom waters according to method 1. The limit between good and moderate status is set to 2.1
ml/l at which several benthic plants and animals exhibit acute hypoxia.

Status
High
Good
Moderate
Unsatisfactory
Poor

Limitation value
>3,5 ml/l
<3,5 ml/l – 2,1 ml/l
<2,1 ml/l – 1 ml/l
<1 ml/l – H₂S
H₂S

Water bodies with perennial or permanent hypoxia
Table 7.3 presents reference values for water bodies that are affected by perennial or permanent hypoxia. The
reference values are calculated from the monthly average values for the unaffected period January-May.
In coastal areas where perennial hypoxia is irregularly occurring especially in some water bodies in the
Stockholm archipelago, an expert assessment of the oxygen situation in a longer perspective might be
necessary. In those cases when perennial hypoxia is irregularly occurring, the status classification of the
affected bottom area might after a plausibility consideration have to be abandoned in favour of an expert
assessment supported by results from test 1 and table 7.1.
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Table 7.3 and caption not translated
Table 7.4 and caption not translated

Even Inre Gamlebyviken might be eligible as a water body with permanent hypoxia, but available data is
insufficient to be able to decide on a reference value.

Comments:
There are no indications that hypoxia is a problem along the coast of Halland or in Hanöbukten or in the coastal
waters of Blekinge. Available data from several stations along the east coast is insufficient. Therefore it is
currently not possible to examine if seasonal or perennial anoxia/hypoxia occur and also not how much of the
bottom area that is affected. From the middle and southern part of the coastal area of Sörmland data is missing.
Bottniska Viken generally has no oxygen problems. In some water bodies it could happen that oxygen
consumption also occur during winter time. This applies particularly to the coastal areas of Bottniska viken,
where a large amount of organic material is transported from rivers and water courses. Unfortunately the data
material from Bottniska viken was limited during the development of this assessment basis and therefore not
included in the analysis.
If perennial hypoxia might be detected in a water body where class boundaries are missing new reference
conditions can be created if sufficient data is available from the deepest parts of the water body. The reference
value and class boundary of the proportion bottom area affected by hypoxia is then based on data from the
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recent ten years. In the same manner as the classification the area is calculated that is affected by the oxygen
concentrations <3,5 ml/l but instead data from the “unaffected period” is used, Jan-May. The average value for
the ten year period is then the reference value and the limit between good and moderate is set to the reference
value * 1,5. The limit for poor status is set to the maximum amount of area that can be affected in the water
body, i.e. the area that is limited by the approximate pycnocline depth. Other class boundaries, good and
unsatisfactory, are equally distributed between the reference value, good, moderate and poor status.
If sufficient data is missing a shorter period can be used, but at least five years in support of an expert assessment based on the result in test 1.

b) Development of an oxygen consumption indicator
The Swedish study on the development of an oxygen consumption indicator for deeper waters (>50 m) is
decribed in detail in Doc. 5-1. Briefly, oxygen consumption below the thermocline in a stable layer (30-50
m) during the summer season was determined and compared with winter phosphate concentrations in the
surface layer. Statistical testing revealed no significant correlation between these two parameters. The
study also revealed that data aggregation is a crucial point: Division of data into two time periods (19901999 and 2000-2009) yielded differing results of the analysis. Furthermore it was investigated whether the
oxygen saturation at 50 m depth could be a more simple oxygen depletion indicator. The results indicate
that there may be some correlation between the increased winter DIP and oxygen consumption at 50 m
depth. For conclusions and more details see EUTRO-OPER 4-2015 Document 5-1.

9) MSFD targets for oxygen
In Denmark, a specific MSFD target has been set for the oxygen concentration in Danish Baltic Sea waters
which is to be 2 mg/l (Miljöministeriet 2012, in HOD 39/2012, Doc. 2-7/Rev.1) at any time or place, except
some areas, e.g. certain fjords, that are considered to be naturally hypoxic.
In Sweden, a specific MSFD target has been set for the oxygen concentration in Swedish Kattegat waters which
is 3,5 ml/l (in HOD 39/2012, Doc. 2-7/Rev.1), corresponding to 5 mg/l. For more information on the Swedish
method see information above.
In Germany, currently >4mg/l (July to October) is used as a target for oxygen concentration in Kiel Bay. The
applicability of this target for the MSFD is under scrutiny (HOD 39/2012, Doc. 2-7/Rev.1).
The agreed BSAP target values for oxygen debt are as follows (HOD 39/2012, Doc. 2-7/Rev.1):
Bornholm Sea – 6.37 mg/l
Eastern Gotland Basin – 8.66 mg/l
Western Gotland Basin – 8.66 mg/l
Gdansk Basin – 8.66 mg/l
Northern Baltic Proper – 8.66 mg/l
Gulf of Finland – 8.66 mg/l
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