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Table 2: Sums of daily mean air temperatures at the weather station Warnemiinde (data: DWD 2022). The
‘cold sum* (CS) is the time integral of air temperatures below the line t = o0 °C, in Kd, the ‘heat sum’ (HS) is
the corresponding integral above the line t = 16 °C. For comparison, the corresponding mean values 1948-
2020 are given.

Month CS 2020/21 Mean Month HS 2021 Mean
November o 2.3%5.9 April 0 1.0 2.4
December o] 20.0 £ 27.5 May 4.5 6.0+7.5

January 3.9 37.5%39.0 June 87.6 25.0 £17.1

February 28.8 29.7 +37.1 July 124.3 58.5 +36.3

March o] 8.2+12.0 August 43.1 55.2 * 34.0

April 0 0+0.2 September 24.9 12.5+13.2
October 0.3 0.51.5
32020/2021 32.7 97.8 £+ 84.5 22021 284.7 159.7 £ 75.1

Table 3: Sums of daily mean air temperatures at the weather station Arkona (data: DWD 2022). The ‘cold
sum* (CS) is the time integral of air temperatures below the line t = 0 °C, in Kd, the ‘heat sum’ (HS) is the
corresponding integral above the line t = 16 °C.

Month CS 2020/21 Month HS 2021
November o April 0
December o May o

January 5.3 June 50.4

February 24.9 July 87.2

March o] August 27.8

April o] September 13.8
October o
22020/2021 30.2 32021 179.2

2.1 Ice winter2020/21

For the southern Baltic Sea area, the Warnemiinde station shows a cold sum of 32.7 Kd (Table 2)
referring to the air temperature of the winter 2020/2021. After the record winter 2019/2020 (cold
sum of o Kd) the recent winter season is ranked on 17t place of warm winters comparing to data
from 1948 to date. It continues the series of warm winters during the last years showing low cold
sums: 2018/2019 (18.3 kd), 2017/18 (67.7 Kd) and 2016/17 (31.7 Kd). Since the year 2012 all
values plot below the long-term average of 97.8 Kd. In comparison, the cold sum at Arkona
station is in the same magnitude of 30.2 Kd (Table 3) and represents warm winter, too. Recent
winter seasons show at Arkona slightly lower values than in Warnemiinde (station Arkona:
2019/20 with o Kd, 2018/2019 with 14.6 Kd, 2017/18 with 53.8 Kd and 2016/17 with 27.2 Kd).
Given the exposed location of the Arkona station at a headland surrounded by water masses at
the northernmost coast of Riigen Island, the local air temperature development is under an even
stronger influence by the water temperature of the Baltic Sea than at Warnemiinde. Thus, winter
values at Arkona are frequently higher, while summer values are lower.

The winter season recorded 45 days of frost and 9 ice days (daily maximum below o °C) in the
time span December 2020 to April 2021 (Table 1). A longer cold spell occurred from February 1st
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4 Results of the routine monitoring cruises: Hydrographic and hydrochemical
conditions along the thalweg

The routine monitoring cruises carried out by IOW provide the basic data for the assessments of
hydrographic conditions in the western and central Baltic Sea. In 2021, monitoring cruises were
performed in February, March, May, July and November. Snapshots of the temperature
distribution along the Baltic thalweg transect obtained during each cruise are depicted in Fig. 18
and Fig. 19. This data set is complemented by monthly observations at central stations in each
of the Baltic basins carried out by Sweden’s SMHI (SMHI 2022). Additionally, continuous time
series data are collected in the eastern Gotland Basin. Here, the IOW operates two long-term
moorings that monitor the hydrographic conditions in the deep water layer. The results of these
observations are given in Fig. 20 and Fig. 23.

4.1 Water temperature

The sea surface temperature (SST) of the Baltic Sea is mainly determined by local heat flux
between the sea surface and the atmosphere. In contrast, the temperature signal below the
halocline is detached from the surface and the intermediate winter water layer and reflects the
lateral heat flows due to saltwater inflows from the North Sea and diapycnal mixing. The
temperature of the intermediate winter water layer conserves the late winter surface conditions
of the Baltic until early autumn, when the surface cooling leads to deeper mixing of the upper
layer.

In the central Baltic, the development of vertical temperature distribution above the halocline
follows, with some delay, the annual cycle of atmospheric temperature. As in the previous years,
the winter of 2020/2021 was warmer than the winters during the 30-years reference period 1961-
1990. However, it was significantly cooler than the previous winter 2019/2020. January, February
and March 2021 depicted moderate positive temperature anomalies of about 1 K. Thus the
surface cooling of the Baltic was reduced. The sea surface temperatures remained above the
density maximum, except in the Gulf of Bothnia and the Gulf of Finland.

During April and May the mean air temperature was considerably cooler (-1 K) than the long-term
mean. The most extreme air temperature anomalies were observed in June 2021 with more than
3 K above the reference value. The air temperatures remained at a higher than normal level for
the rest of the year. From July to December 2021, the monthly air temperature anomaly ranged
between +0.5 and +2.0 K. Only the month of August was close the long term mean. The deep-
water conditions in the central Baltic in 2021 were stagnant. The temperature in deep water was
established by subsequent minor inflow events of 2016 to 2020 (MOHRHOLZ 2018).

The mean airtemperature in January 2021 was about 1 K above the long term mean. Thus, at the
beginning of February also the sea surface temperature (SST) in the Baltic was relatively high
with 3.5 °Cto 5 °C. The lowest surface temperature was observed in the Belt Sea and at the Darss
Sill with 3.5 °C to 4.0 °C. This exceeded the climatological mean of 1.8 °C by 2 K, but was 1 K
below the extreme temperatures of February of 2020. At the central station of the Arkona Basin
(TFo113) the SST of about 4.6 °C (climatological mean 1.9 °C) was considerably higher than in the
Belt Sea. As in the previous years, the surface temperatures were well above the density



39

maximum in the entire western and central Baltic. Therefore the temperature driven convection
was still ongoing, and no shallow temperature stratification was observed in the beginning of
February. The upper layer was homogenized and no remains of former winter water layer were
found. Due to the high SST, only a weak temperature gradient between the surface and halocline
layer was observed. At station TF271 in the eastern Gotland Basin the thermocline was at about
54 m depth, slightly above the permanent halocline (61 m). The temperature increased in the
upper layer from 5.02 °C at 2 m depth to 5.09 °C at 51 m depth. The surface temperatures in the
central Baltic ranged between 4.95 °C and 5.4 °C. This range was similar to February 2020 and
again about 3 K above the long-term average. Together with the extreme warm temperatures in
February 2016 and 2018 the series of warm winters is continued.

The temperature distribution below the halocline is governed by the inflow of saline water from
the North Sea. In the second half of 2020 only very weak inflows occurred. Between October and
December 2020, three of these inflows carried in total 55 km3 of warm saline water into the
western Baltic. In February 2021, the bottom layer in the Arkona Basin was still partly covered by
this warm water, forming a thin bottom layer in the eastern part of the Arkona Basin. Here the
bottom temperature was about 6.8 °C. The major part of the warm autumn inflows covered the
upper halocline of the Bornholm Basin and the Slupsk Furrow. The lower part of the halocline
and the deeper layers were still covered by warmer water from the barocline summer inflows of
2020. The maximum temperature in the halocline of the Bornholm Basin was about 10.0 °C.
Below 65 m depth, the temperature decreased towards the bottom to about 9.1 °C. Parts of warm
summer water were shifted eastward into the Slupsk channel and further into the eastern
Gotland Basin. This water covered the bottom layer in the Slupsk Furrow (bottom water
temperatures of g °C to 10 °C). Between the eastern outlet of the Slupsk Furrow and the entrance
of the eastern Gotland Basin another warm water plume was observed in the bottom layer. This
plume spreads eastward and will be sandwiched into the permanent halocline in the Gotland
Basin at depths of 110 m to 120 m. The deep water in the Gotland Basin was slightly warmer than
the halocline water above and the bottom water below. The warmer core of the deep-water layer
was found at about 130 m to 140 m depth with a maximum temperature of 7.3 °C. The bottom
temperature at station TF 0271 was 7.2 °C. The same value was observed also in February 2020.
The bottom water temperature in the Far6 Deep was increased by 0.05 K to 7.25 °C, due to the
inflow of upper deep water from the eastern Gotland Basin.

In the end of March the higherthan normal air temperatures during the winter month caused only
a moderate surface cooling compared to temperatures observed in January. In the western Baltic
the surface temperatures ranged between 3.6 °C in the Fehmarn Belt and 3.0 °C in the Arkona
basin, which was about 1 K above the climatological mean. Thus, the surface temperature of the
western Baltic was still above the temperature of density maximum. At the central station of the
Bornholm TF213 the SSTwas 3.5 °C. The SST decreased further to the east and reached 3.3 °Cin
the eastern Gotland basin, 3.0 °Cin the Far6 Deep, and 2.5 °C in the northern Gotland Basin.

In the western Baltic, the eastward advection of saline water from minor inflows controls the
temperature distribution below the surface mixed layer. The thin warmer water layer at the
bottom of the Arkona Basin nearly vanished. The deeper layers at the Darss Sill and the Arkona
Basin are covered with cold water from winter inflows. The minimum temperature in the central
Arkona Basin was 2.6 °C at 28 m depth. In the Bornholm Basin a rather patchy temperature
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distribution was observed below the thermocline, which was found at about 50 m depth. Here,
the different inflow waters of autumn and winter cause strong horizontal temperature gradients.
The bottom water temperature in the Bornholm Basin was 9.1 °C, still at the level of February. A
part of the cooler water from the upper halocline water crossed the Slupsk Sill and formed the
new cooler bottom water layer in the Slupsk Furrow. Here the bottom water temperature
decreased significantly to values between 6.2 °C and 7.4 °C. The warm inflow water patch that
was observed in February at the entrance of the eastern Gotland Basin has moved further to the
north and reached the eastern Gotland basin. The bottom temperature at station TFo271 (Gotland
Deep) and in the Fard Deep did not change significantly and were still at 7.2 °C and 7.25 °C,
respectively.

The cooler than normal air temperatures in April and May 2021 hampered the seasonal warming
of the surface layer in spring. In the first half of May, the surface temperatures varied between
8.4 °Cin the Kiel Bight, 6.0 °Cin the Arkona Basin, and 5.3 °C in the eastern Gotland Basin. This
was 1 K to 2 K below the climatological mean values for May, but 2 K to 3 K lower than in the
previous year. In the western Baltic, a strong gradient was observed in SST from east to west,
whereas the temperature distribution was more uniform in the Baltic Proper. In the Belt Sea the
onset of the seasonal thermal stratification had started, in contrast to a still weak vertical
temperature gradient in the western and central Baltic. In the Arkona Basin, the thermocline
depth was found at 33 m. Towards the eastern Gotland basin the thermocline depth increased to
about 40 m. Below the thermocline the winter water layer was well pronounced even in the
western Baltic. In the Bornholm Basin, the core temperature of the winter water was 4.1 °C,
decreasing slightly to 3.7 °C in the eastern Gotland Basin. In the Slupsk Furrow, the winter water
layer was somewhat warmer with 4.2 °C.

Below the intermediate layer the temperatures increased with depth. In the halocline of the
Bornholm Basin the remains of the warm inflow waters from autumn 2020 were mixed with the
colderwater from winter inflows. The bottom watertemperature in the Bornholm Basin decreased
between March and May by o.5 K to 8.5 °C. In the Slupsk Furrow the deep water conditions did
not change significantly. Here, the bottom water temperature was about 7.9 °C. At the eastern
sill of the Slupsk Furrow an overflow of warm deep water towards the Gotland Basin was visible.
The warm water patch observed in the southern Gotland basin in March was mostly mixed up in
the upper deep water layer of the Gotland basin. Only a small patch of about 8 °C water was
detected at the rim of the basin. There was no significant change observed in the deep water and
bottom water layer of the eastern Gotland Basin. The maximum temperature of deep water
(7.5 °C) was found at 105 m, due to the small warm intrusions. The bottom water temperature
was found unchanged at 7.2 °C. This indicates that none of the inflowing warm plumes was dense
enough to reach the bottom of the basin. The bottom water temperature in the Faré Deep was
7.2 °C.

The next cruise of the long-term observation program was conducted in the second half of July.
After the cooler than normal spring, the air temperatures in June and July were well above the
climatological mean. Especially the June was extremely warm. Thus, also the surface temperature
in the Baltic has increased more than normal, and reached its annual maximum during the time
of the cruise. A very strong summer thermal stratification was developed throughout the Baltic
Sea. The seasonal thermocline, which separated the warm layer of surface water from the cooler
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intermediate water, was found at relatively shallow depths between 12 m and 18 m. The surface
temperatures in the Arkona Basin reached 20.0 °Cin a surface layer of 12 m to 15 m thickness.
Below this warm surface layer, a cool layer of former winter water was still present, with a
minimum temperature of 7.2 °C. The bottom layer in the Arkona basin was covered with warmer
waters from barocline inflows, which led to an increase in bottom temperature to 11.4 °C. At
station TF213 in the Bornholm Basin, an SST of 20.9 °C was recorded, which was close to the SST
of the extreme warm July 2018. The thermocline in the Bornholm Basin was located at 18 m depth.
In the eastern Gotland Basin, a SST 21.7 °C was observed in a very thin surface layer of 12 m
thickness at station TF271. For this location the climatological mean value for July is 16.0 °C.
Generally, in the central Baltic the SST was extremely high, but it did not reach the temperatures
observed in July 2018, when a SST of 23.9 °C was recorded in the eastern Gotland Basin.

Despite of the high SSTs throughout the Baltic, below the thermocline a relatively strong winter
water layer was present. Minimum temperatures in this intermediate water layer were about
4.0 °C in the eastern Gotland Basin, and 4.0 °C in the northern Gotland Basin, which caused a
strong vertical temperature gradient between 15 m and 30 m. In the Bornholm Basin and the
Slupsk Furrow the winter water layer was slightly warmer with core temperatures of about 4.8 °C.
During calm summer conditions, baroclinic inflow events that transport warm saline water into
the Arkona Basin are frequently observed. This water mass filled the bottom layer in the entire
Arkona Basin, with warm water of 11.4 °C. This water body has partly passed the Bornholmgat,
and is sandwiched in the halocline of the western Bornholm Basin. The plume depicted a core
temperature of 10.2 °C at 58 m depth. The bottom water in the basin was still covered with water
from the autumn/winter inflows of the previous year. In contrast, the Slupsk Furrow was
completely flushed with cool winter water from the central Baltic. As found for May, the deep
water conditions in the central Baltic remain mainly unchanged. The bottom temperature in the
eastern Gotland Basin was still at 7.2 °C. The weak diapycnal mixing in the Basin smoothed the
vertical temperature gradients in the deep water layer near the former warm core of inflow water.

In November 2021, a number of planned stations in the central Baltic could not be performed
due to bad weather conditions. The general temperature distribution during that cruise depicted
the autumnal cooling and the erosion of the seasonal thermocline in the surface layer. Since the
autumn months were also characterized by higher than normal air temperatures, the SST
depicted a positive airtemperature anomaly as well. The seasonal surface cooling has deepened
the surface mixed layer to 30 m to 35 m in the western Baltic and to 40 m depth in the eastern
Gotland Basin. Surface temperatures of about 11 °C were observed in the Arkona Basin, which
was 2 K higher than the climatological mean. Also in the Bornholm Basin at station TF213 the SST
of 10.2 °C was still high and about 1.5 K higher than normal. Towards the east, the SST became
more patchy. In the Slupsk Furrow, the SST was 10.1 °C. In the eastern Gotland Basin the SST
ranged between 8.8 °C at station TFo271 and 10.4 °C at station TFo276. The deepening of the
seasonal thermocline reduced the mixed upper part of the winter water layer with the surface
water. This reduced the vertical extent of the intermediate winter water layer in the central Baltic
to a thin layer of 20 m to 30 m thickness, with a minimum temperatures of 4.4 °C in the eastern
Gotland Basin. In the Bornholm Basin, only smaller patches of intermediate winter water were
found above the halocline. From the Belt Sea to the Arkona Basin, the bottom water was
significantly warmer than the surface water layer. This warm water originated from the barocline
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inflow events in the summer and autumn, which brought warm saline water into the western
Baltic. This water spreads from the Arkona Basin into the halocline of the Bornholm Basin and
further eastward. Parts of this warm water reached the Slupsk Furrow and flushed the bottom
layer there. The maximum temperature in this water body of 13.8 °C was observed in the western
Arkona Basin. In the Bornholm Basin, the core temperature of the warm water decreased from
13.0 °Cin the west to 10.6 °C near the Slupsk Sill. The deep water temperature conditions in the
Gotland Basin remained unchanged compared to July.
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Fig. 18: Temperature distribution along the thalweg transect through the Baltic Sea between Darss Sill and
northern Gotland Basin for February, March, and May 2021.
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Fig. 19: Temperature distribution along the thalweg transect through the Baltic Sea between Darss Sill and
northern Gotland Basin for July and November 2021.

As part of its long-term monitoring programme, I0W operates hydrographic moorings near
station TF271 in the eastern Gotland Basin since October 2010. In contrast to the Gotland
Northeast mooring, operational since 1998 and from where the well-known ‘Hagen Curve’ (FEISTEL
etal. 2006, NAUMANN et al. 2017) is derived, the mooring at TF271 also collects salinity and oxygen
data. The gathered time series data allow the description of the development of hydrographic
conditions in the deep water of the Gotland Basin in high temporal resolution. This time series
greatly enhances the IOW’s ship-based monitoring programme. Figure 20 shows the temperature
time series at five depths in the deep water of the eastern Gotland Basin between January 2020
and December 2021. During this period, the temperature stratification in the deep water is
characterized by a downward decreasing temperature, except the bottom layer before summer
2020. In 2020, the two uppermost levels at 140 m and 160 m depth depicted a pronounced
temporal variability due to the interleaving of inflow water patches at this depth. Afterwards, the
temperature fluctuations vanished in the entire deep-water range. The year 2021 was
characterized by a stable temperature stratification. However, the temperature difference
between 140 m depth and the bottom layer was very weak with about 0.1 K. In the entire year
2021 no signs of warm or cold water intrusion were detected in the deep water of the Gotland
Basin. The inflow events of the inflow period 2020/2021 were not dense enough to reach the
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Table 7.3: Annual means of 2017 to 2021 and standard deviations of surface water salinity in the central
Baltic Sea (minimum values in bold, n=17-29). The long-term averages of the years 1952-2005 are taken
from the BALTIC climate atlas (FEISTEL et al., 2008).

Station 1952- 2017 2018 2019 2020 2021
2005

213 7.60 7.46 t0.20 7.53 £0.08 7.63 t0.11 7.80 +0.18 7.54 +0.26

(Bornholm Deep) ¥0.29

271 7.26 7.33 *t0.22 7.09 x0.27 7.19 £0.25 7.33 +0.16 7.36 +0.13

(Gotland Deep) *0.32

286 6.92 7.13 *0.43 6.92 £0.34 6.78 t0.33 7.07 +0.29 7.12 +0.23

(Féro Deep) *0-34

284 6.75 6.54 *0.34 6.59 *0.32 6.52 £0.26 6.58 +0.50 6.33 +0.33

(Landsort Deep) +0.35

245 6.99 6.93 t0.18 7.06 *0.18 6.89 *0.24 7.16 +0.12 6.86 +0.25
+0.32

(Karls6 Deep)

Fig. 23 shows the temporal development of salinity in the deep water of the eastern Gotland
Basin between January 2020 and December 2021, based on data from the hydrographic moorings
described above. The stratification in this period was controlled by stagnation and weak vertical
mixing. This led to a slowly decreasing salinity in the entire deep water body, and in a slight
reduction of the vertical salinity gradient below 190 m depth. The higher temporal variability in
the 140 m depth level was caused by pulse-like inflows of saline water plumes into the halocline
of the eastern Gotland Basin.
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Fig. 23: Temporal development of deep water salinity in the Eastern Gotland Basin (station TFz71) from
January 2020 to December 2021 (Daily averages of original data with 10 min sampling interval).
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Fig. 25: Vertical distribution of oxygen (without H-S) during the January/February, March, and May cruises
in 2021 between the Darss Sill and the northern Gotland Basin. Values below 5 umol/kg can not be
distinguished from o umol/kg.
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Fig. 26: Vertical distribution of oxygen (without H-S) during the July and November cruises in 2021 between
the Darss Sill and the northern Gotland Basin. Values below 5 yumol/kg can not be distinguished from
o pymol/kg.

The oxygen conditon of the deep water of the central Baltic Sea is primarily influenced by the
occurrence or absence of moderate and strong barotropic and/or baroclinic inflows. Likely end
of 2020 a major pulse of warm oxygenated haline water entered the Bornholm basin and moved
further to the southern Gotland Sea. Thereby, the dense water that remained in the Bornholm
basin was subsequently overflown between January and March in a depth of above 60 m by less
haline colder water carrying 170 umol/kg to 250 pmol/kg (~ 4 ml/l to 6 ml/l) oxygen, right from
the Arkona Basin, across Slupsk sill, via the Slupsk furrow and further to the southern Gotland
Basin. In January/February 2021 the eastern Gotland Basin showed values of 40 pmol/kg to
50 pmol/kg (0.9 ml/l to 1.2 ml/l) oxygen in the pycnocline between 70 m and 120 m. In May and
July more oxygen reached the southern part of the eastern Gotland basin with concentrations of
up to 200 umol/kg (about 4.5 ml/l ). Water bearing 40 pmol/kg to 8o pmol/kg (0.9 ml/l to
1.8 ml/l) spreaded further north to the central basin but appeared to be mostly consumed in
November 2021 with some oxygen left in the halocline range to the northern end of the basin.
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4.4 Nutrients: Inorganic nutrients

Many reduction measures that have been implemented in the last decades could not prevent the
Baltic Sea from being eutrofied. In Germany, riverine inputs of total phosphorus declined
between 2006 and 2014 by 14 %. In the same time-period, total nitrogen input decreased by 31 %
(HELCOM 2018a). Despite this positive development, German territorial waters and bordering
sea areas of the Baltic Sea remained hypertrophied by up to 50 % in the western and up to 100
% in the eastern part (HELCOM 2018b). To determine the effects of changes in nutrient inputs
and to evaluate the results of reduction measures undertaken, the frequent monitoring of the
nutrient situation is mandatory. Nutrients are core parameters since HELCOM established a
standardized monitoring programme at the end of the 1970ies.

A drastic description of the consequences of eutrophication is given by DUARTE et al. (2009) “The
effects of eutrophication include the development of noxious blooms of opportunistic algae and
toxic algae, the development of hypoxia, loss of valuable seagrasses, and in general a
deterioration of the ecosystem quality and the services they provide”. According to the second
“State of the Baltic Sea” report, 97 % of the Baltic Sea area is affected by eutrophication and
12 % is assessed as being in the worst status category (HELCOM 2018a).

4.4.1 Surface water processes

The long-standing observation that nitrate and phosphate concentrations in the surface waters
of temperate latitudes exhibit a typical annual cycle with high concentrations in winter, depletion
during spring and summer, and recovery in autumn (NAUSCH & NEHRING 1996, NEHRING & MATTHAUS
1991) seems partly no longer valid. In recent years it appears more and more clear that nitrate is
still completely taken up by the spring bloom and is replenished during late autumn and winter,
whereas phosphate significantly declines in April/May, but persists at low concentration almost
throughout the summer. Thus, blooms of diazotrophic cyanobacteria, which use dinitrogen gas
in addition to phosphate for growth, are enabled also during summer starvation.

Fig. 27 illustrates the annual cycle of nitrate and phosphate concentrations in surface waters at
the stations Gotland Deep and Bornholm Deep in comparison to the surface water temperature
development in 2021. For this purpose, the data of five monitoring cruises of the IOW were
combined with data of the Swedish Meteorological and Hydrological Institute (SMHI) to get a
better resolution of the seasonal patterns. In the central Baltic Sea, a typical phase of elevated
nutrient concentrations usually develops during winter, which lasted two to three months
(NAUSCH et al. 2008). In 2021, the maximum nitrate concentration was measured in early February
of 4.1 umol/lin the central eastern Gotland basin and in mid-February of 4.1 umol/lin the central
Bornholm Sea, respectively. A maximum phosphate concentration was determined in mid-March
of 0.75 pmol/l at Gotland Deep and in mid-February of 0.85 umol/l at Bornholm Deep site. The
decline of nitrate started at the Gotland Deep station in mid-March and reached the detection
limit in mid-April at a surface water temperature of 4.0 °C. At Bornholm Deep station nitrate
already declined at the end of February/first half of March and reached the detection limit end of
March at 3.5 °C. The phosphate reserves lasted at both stations well during the summer of 2021.
Only one week phosphate appeared to be below the detection limit, in mid-July at Bornholm Deep
and end of July at Gotland Deep station. Thus, the spring bloom in 2021 likely ended in the
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Bornholm Sea at the end of March, and in mid-April at the Gotland Deep station, similarly as in
2019, but earlierthan in 2020. A significant increase of these basic major nutrients in the surface
waters did not take place at both stations before early November. At that time, cooling to below
7 °C, clearly lower than the 12 °C in 2020, enabled wind induced mixing in autumn weather
conditions and a supply of nutrients from deeper layers. Mineralization processes at depth
released the nutrients that were subsequently mixed to surface waters and replenished the
nutrients reservoir of surface waters until February of the next year.

The early exhaustion of nitrate at low temperatures likely enabled availability of phosphate
almost throughout the year 2021. Algae growth is limited by nitrate availability, and phosphate
remains unused at prevailing spring temperatures. This is seen in a low dissolved inorganic
nitrogen/phosphorus ratio (DIN/DIP) present in the winter surface water of the Baltic Sea (Fig.
28). The favourable uptake ratio of about 16 was already shown by an early study of Redfield
(REDFIELD et al. 1963) and was proven to be a valuable approximation many times thereafter. The
DIN/DIP ratio (mol/mol) was determined from the sum of ammonium, nitrate, and nitrite
concentrations versus the phosphate concentration. The surface water DIN/DIP ratio in the Baltic
Sea in winter 2021 ranged between 5 mol/mol and 14.2 mol/mol in the investigated sea areas.
Closest to the ideal ratio were the data of Odra Bight in the last 6 years with the mentioned N/P
maximum 14.2 mol/mol. In 2021 the N/P-ratios were well in the range of previous years, with the
exception of the western Gotland Sea, where the N/P ratio increased from an average of N/P=4.3
(2016-2019) to 7.7 mol/mol in 2020 and 2021 (Fig. 28). With the exception of the Odra Bight,
nitrogen was a limiting factor in all investigated Baltic Sea areas, giving diazotrophic
cyanobacteria an advantage compared to primary producer that depend on nitrate.



59

a) Nutrientsin surface water (0-10 m) at the Gotland Deep station
5.0 25
4.0 20
s
2 —
230 15 S
27 g
o 3
8 B
1]
(= o
B‘ 2.0 10 aE.»
e [
=
=
1.0 5
0.0 0
Ko
3
- ¥ - Nitrate -#-Phosphate ——Temperature
b) Nutrients in surface water (0-10 m) at the Bornholm Deep station
5.0 25
4.0 20
p=
= —_
£30 15 S
&3 g
o =1
8 ©
[}
o (=N
520 10 g
8 s
£
1.0 5
% A ol S I %
0.0 B S S i S S £ 0
Vv v v ~ ' v V' v Vv ~ ~ o
$ & & & s v E S F g
- # - Nitrate - #-Phosphate Temperature

Fig. 27: Seasonal Cycle of average phosphate and nitrate concentrations in 2021 compared to the
temperature development in the surface layer (0-10 m) at the Gotland Deep station (a) and at the Bornholm
Deep station (b), respectively, by depicting IOW and SMH/ data.
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Fig. 28: Average winter dissolved inorganic nitrogen versus phosphate ratio in surface waters of selected
Baltic Sea areas for 2017 to 2021.

Table 8 shows winter phosphate and nitrate concentrations in surface waters for the February
months of recent years. For phosphate, clearly higher concentrations were determined for the
western Baltic Sea and slightly higher concentrations for the Gotland Deep station were
determined in January/February 2021 compared to previous years. For Far6 Deep, Landsort Deep,
and Karlsd Deep stations 2021 reflects an average year. Thus phosphate in 2021 reflects the
maximum concentrations in the western and southern part of the Baltic Sea. Most pronounced
was the change again on the Fehmarn Belt station from 0.26 umol/l in 2020 to 0.9 ymol/l in
2021, an increase by more than a factor of three. On the respective stations of the Gotland, Faro
and Karls6 Deeps the concentrations appear relatively stable during recent years with small
increases compared to 2020 only.

The nitrate concentration of the selected stations determined for January/February 2021 were
generally higher compared to previous years for the upper 10 m of the water column. For the
Fehmarn Belt station, a strong increase was documented from 1.7 in 2019 and 1.1 pmol/Lin 2020
to 5.0 pmol/l nitrate in 2021. On the Mecklenburg Bight station an ongoing rise was observed
from 2.8 umol/l (2019) to 3.8 pmol/l (2020) and further to 4.5 pmol/l nitrate in 2021. The Arkona
Sea station reached with 3.7 umol/l the highest surface water nitrate concentration since 2018.
On the Gotland Deep station nitrate increased from 3.4 pmol/lin 2020 to 3.9 pmol/lin 2021, on
Faro Deep station from 3.6 umol/l to 4.2 pmol/l, and on Landsort Deep station from 3.8 umol/l
to 4.8 pmol/l nitrate. The Bornholm Deep station showed after three years below 3 pmol/l again
3.8 umol/l nitrate as in 2017. After the strong increase at the Karlsd Deep site from 2019 to 2020
by 2.4 pmol/l, the nitrate concentration increased again by 0.5 pmol/l reaching 4.1 pmol/l in
2021.
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After a couple of winters with lower phosphate and nitrate concentrations in western Baltic Sea
surface water, the concentration levels of phosphate and nitrate of the time before is reached.
At the Gotland Deep and Far6é Deep sites the phosphate and nitrate concentrations remained
relatively stable in the last 5 years with 0.69 +0.02 umol/L phosphate and 3.72 *0.29 pmol/L
nitrate and 0.65 *0.05 pmol/L phosphate and 3.92 *0.22 pmol/L nitrate, respectively.
Statistically solid reductions of nutrient concentrations that have already been observed in
coastal waters are up to now not reflected in the nutrients concentrations of the central Baltic
Sea basins (NAuscH et al. 2011, NAUSCH et al. 2014). However, by comparison with nutrient
threshold values, a different development can be noticed for phosphate and dissolved inorganic
nitrogen (DIN). The threshold values for DIN and DIP winter concentrations were elaborated for
HOLAS Il by the TARGEV project (HELCOM 2013) and were modified for HOLAS 3 in 2021: Kiel Bight
5.5/0.57 umol/l (corresponding to Fehmarn Belt in Table 8), Mecklenburg Bight 4.3/0.49 pmol/|,
the Arkona Sea 2.9/0.36 umol/l, for the Bornholm Sea 1.8/0.28 umol/l (now separated from
Pomeranian Bay), and for the Eastern Gotland Basin 2.6/0.29 pmol/l, respectively. It appears
that the nitrate winter concentration (@ammonium and nitrite reflect minor contributions) may
stabilze at or below the respective target values in the western Baltic Sea within this decade, but
for phosphate it may need some more decades to achieve the threshold values.

Table 8: Mean nutrient concentrations in the surface layer (0-10 m) in winter in the western and central
Baltic Sea (IOW and SMHI data).
Table 8.1: Surface water phosphate concentrations (umol/l) in February (Minima in bold).

Station 2017 2018 2019 2020 2021
360
0.54 +0.01 0.66 xt0.02 0.42 *0.00 0.26 *0.04 0.90 *0.03
(Fehmarn Belt)
022
0.53 *0.09 0.69 £0.00 0.82 *0.01
(Libeck Bight)
012
0.56 *0.00 0.70 £0.00 0.58 *0.00 0.58 £0.00 0.83 *0.01
(Meckl. Bight)
113
0.53 *0.00 0.67 *0.01 0.59 *0.00 0.43 t0.01 0.72 *0.03
(Arkona Sea)
213
0.61 +0.06 0.65 +0.01 0.61 £0.02 0.51 *0.03 0.81 £0.02
(Bornholm Deep)
271
0.70 +0.08 0.67 £t0.01 0.68 +0.02 0.67 £0.00 0.71 *0.03
(Gotland Deep)
286
0.69 *0.01 0.64 *0.01 0.71 %0.01 0.57 +*0.01 0.64 *0.01
(Farg Deep)
284
0.79 *0.03 0.59 £0.01 0.70 *0.01 0.59 t0.00 0.64 *0.00
(Landsort Deep)
245
0.91 *0.07 0.70 +0.01 0.65 *x0.01 0.58 +*0.01 0.74 +0.04
(Karls6 Deep)
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Table 8.2: Surface water nitrate concentrations (umol/l) in February (Minima in bold).

Station 2017 2018 2019 2020 2021
360
3.2%0.1 3.7 £0.0 1.7 £0.1 1.1+0.8 5.0 0.5
(Fehmarn Belt)
022
4.5+0.7 6.1+£0.0 4.3 0.2
(Lubeck Bight)
012
4.4 0.0 4.7 £0.3 2.8+0.1 3.8+0.0 4.5 0.1
(Meckl. Bight)
113
5.2 £0.0 2.8+0.0 2.6 +0.0 2.5+0.0 3.7 £0.3
(Arkona Sea)
213
3.8+0.1 2.5+0.0 2.6 +0.1 2.9£0.0 3.8 0.1
(Bornholm Deep)
271
3.9 0.3 3.4 0.0 4.0 £0.0 3.4 +0.1 3.9 0.2
(Gotland Deep)
286
3.9 £0.1 3.9 £0.0 4.0 £0.0 3.6 £0.1 4.2 0.1
(Féro Deep)
284
3.4 £0.2 3.9 0.0 4.0 £0.0 3.8 0.0 4.8 0.0
(Landsort Deep)
245
3.3 $0.1 3.6 0.0 1.2 +0.1 3.6 +0.1 4.1+0.2
(Karlso Deep)

4.4.2 Deep water processes in 2021

In central Baltic Sea deep waters, the nutrient distribution is primarily influenced by the
occurrence or absence of strong barotropic and/or baroclinic inflows and, thus, by its
oxygen/hydrogen sulphide concentrations in deep waters. Since the MBI 2014/2015 the
accumulation of phosphate in the deep water of the central basins has continued, however
certain oxygen intrusions partly lead to lower values. During locally weak oxic water conditions
phosphate could be bound to iron as well as to manganese and could be transported to the
sediment by particles. The particles are dissolved during anoxia and then phosphate is released
back to the water column. The annual mean phosphate concentration in the Bornholm Deep
reflects a considerable variability each year that is visible in the large standard deviation. It
showed some decline in the annual average phosphate concentration at 80 m depth since the
high value in 2018 of 4.7 pmol/l to 2.9 umol/lin 2020. This is in agreement with its slight oxygen
excess on average during 2020. However, after the low value in 2020, the annual mean
concentration increased in 2021 to 4.5 pmol/l, close to the former maximum in 2018 of 4.7 pmol/l
phosphate. In the Gotland Deep at 200 m, phosphate reached 5.1 pmol/lin 2020 and increased
to 5.4 umol/l in 2021. The Far6 Deep showed a lower phosphate concentration of 3.4 pmol/lin
2020, but 4.4 pmol/lin 2021. In contrast, the phosphate concentration in the Landsort Deep in
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400 m depth was 4 pmol/l in 2020 and decreased to 3.7 umol/l in 2021. The phosphate
concentration in the Karlso Deep at 100 m depth increased from 3.9 pmol/lin 2020 to almost 4.0
pumol/lin 2021 (Table 9).

The fading of the MBI impact (NAUMANN et al. 2018) is also reflected in the depletion of nitrate in
deep waters. Only the Bornholm Deep showed intermittend a high nitrate concentration in deep
waters of an annual average of 6.8 pmol/lin 2019, 7.7 pmol/lin 2020, and recently in 2021 only
2.9 umol/l nitrate, because of its average weak oxic condition during these years. On Gotland
Deep, Faro Deep, Landsort Deep and Karlso Deep stations no significant amounts of nitrate were
detected since 2018, except the 0.3 pmol/l nitrate found at depth in the Faro Deep in 2020 (Table
9). An explanation is that anoxic conditions prevent mineralization of organic matter to nitrate.
Instead, ammonium is formed and represents the end product of the degradation of biogenic
material. Therefore in general, ongoing accumulation of ammonium in deep waters was recorded
in Baltic Sea deep waters, in the Gotland Deep from 12.2 pmol/l in 2019 to 20.1 pmol/l in 2020
and to 22.8 pmol/l ammonium in 2021. In the Faré Deep also for ammonium the relatively low
ammonium concentration of 7.3 pmol/l in 2020 changed to 12.2 pmol/l annual average
ammonium in the 150 m reference depth. The Landsort Deep showed a moderate increase of
ammonium since 2017 from 3.8 umol/lto 10.3 ymol/lin 2021, and the Karlsé Deep was with 12.1
pumol/lannual average ammonium similarasin 2020 (12.8 umol/l). In the Bornholm Deep annual
average ammonium decreased from 1.9 pmol/l to 0.4 umol/l between 2018 and 2020, but was 4
pumol/lin 2021 (Table 9).

Table 9: Annual means and standard deviations for phosphate (Tab. 9.1), nitrate (Tab. 9.2) and ammonium
(Tab. 9.3) in the deep water of the central Baltic Sea (IOW and SMH/ data).

Table 9.1: Annual mean deep water phosphate concentration (umol/l; Maxima in bold).

Station depth/m 2017 2018 2019 2020 2021
213
(Bornholm 80 2.51 *1.15 4.73 ¥1.56 3.78 +1.40 2.88 +1.03 4.49 +2.65
Deep)
271

200 2.91+0.92 4.08 £0.13 4.38 +0.25 5.14 +0.34 5.39 £0.16
(Gotland Deep)
286

150 2.49 £0.12 3.55 +0.68 4.02 £0.45 3.36 *0.42 4.37 £0.17
(Féro Deep)
284
(Landsort 400 3.08 +0.22 3.12 £0.22 3.64 +0.57 3.98 +0.24 3.69 +0.14
Deep)
245

100 3.77 £0.24 3.63+0.34 3.51+0.29 3.89 +0.25 3.98 £0.32

(Karlso Deep)
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Table 9.2: Annual mean deep-water nitrate concentration (umol/l; Minima in bold).

Station depth/m 2017 2018 2019 2020 2021
213
(Bornholm 80 7.5 %2.3 1.6 11.5 6.8 £2.9 7.7 ¥4.1 2.9 #4.5
Deep)
271

200 1.8 £2.2 0.0 0.0 0.0 £0.0 0.1%0.1 0.1%0.0
(Gotland Deep)
286

150 5.5 %3.5 0.0 0.0 0.0 £0.0 0.3+0.6 0.1%0.0
(Faro Deep)
284
(Landsort 400 0.0 0.1 0.0 £0.0 0.0 £0.0 0.120.0 0.0 £0.1
Deep)
245

100 0.1%0.0 0.0 0.0 0.0 £0.0 0.1%0.0 0.1%0.1
(Karls6 Deep)
Table 9.3: Annual mean deep water ammonium concentration (umol/l; Maxima in bold).

Station depth/m 2017 2018 2019 2020 2021

213
(Bornholm 80 0.2%0.3 1.9 £2.4 1.5 +3.1 0.4 +0.7 4.0 £4.9
Deep)
271

200 0.80.9 6.0 £2.3 12.2 £3.8 20.1 £5.0 22.8£0.9
(Gotland Deep)
286

150 0.1 +0.0 3.6 1.7 9.1#1.2 7.3%3.6 12.2 1.6
(Faro Deep)
284
(Landsort 400 3.8 1.9 5.0 £2.2 8.0 +1.0 9.4 2.2 10.3 0.3
Deep)
245

100 8.4 *1.5 10.4 2.9 9.4 ¥5.1 12.8 £2.9 12.1 3.8

(Karlso Deep)




65

-1 . -
Phosphate (umol L) Nitrate (umol L?)
Meck. ArkonaBornh. Southern  Gotland Landsort Meck. ArkonaBornh. Sguthern  Gotland Landsort
Bight Sea  Sea Baltic Deep Deep Bight Sea  Sea Baltic Deep Deep

Jan/Feb 2021

Do Dute ven

3001 Mar 2021

ii
Ll

0
)
&
]
2
o
10
&
]
4
2

10

8

&

4

2

o

Depth (dbar)

0 200 400 600 800 1200

i

3

j
i
F
i

a 200 400 GO0 200 1000 1200

200 Nov 2021

=0 o 200 400 600 800 1000 1200 o 200 400 600 8O0 1000 1200
Section Distance (km) Section Distance (km)

Fig. 29: Vertical distribution of phosphate (left column) and nitrate (right column) in 2021 between the
Mecklenburg Bight and the northern Gotland Basin measured on the monitoring cruises in
January/February, March, May, July and November; Landsort Deep was not investigated in November.
Figure panels were prepared by using ODV 5, (SCHLITZER 2018).

Fig. 29 illustrates the nutrient distributions in the water column on transects between the
Mecklenburg Bight and the western Gotland Sea in January/February, March, May, July and
November 2021 (small maps on the right side of Fig. 29 indicate the selected stations for each
transect). Thereby, point measurements at their respective depth were enlarged to give an
impression of spatial nutrient concentration distributions of phosphate and nitrate along
transects. The purple shading corresponds to relatively low concentrations of 1 pmol/l. However,
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this reflects for phosphate already the annual maximum in January/February value for surface
water that constitutes the basis for primary production during spring and summer. Below the
halocline, phosphate increased to a maximum of above 5 pmol/l in the Gotland Deep and below
about 4 pmol/lin the Landsort Deep. Interestingly, intruded warm and haline water likely from
autumn 2020 to the Bornholm Basin resided there for several month with oxygen depletion and
mobilization of phosphate. This is especially visible in July when relatively high values of up to
9 umol/l (yellow/red bubble) were reached. The affected volume enlarged until November
decreasing the concentration to about 7 pmol/l phosphate (left side of Fig. 29). The nitrate
concentration distribution along the transect from the western Baltic Sea to the western Gotland
Sea is shown for the five monitoring campaigns. Clearly visible is the nitrate depletion in deep
waters of the Central Gotland Sea, depicted in light purple being at the detection limit close to
zero. In winter, the surface water concentration roughly ranges between 4 pmol/l and 6 pmol/I
nitrate that is partly consumed end of March in the western Baltic Sea. In May 2021 only a
relatively narrow ribbon of 20 m to 50 m thickness showed remaining nitrate in the halocline
range. Above and below the layer, nitrate is depleted. The warm and haline Bornholm Sea bottom
water was surpassed with colder less saline oxygenated water in winter that lead to a visible
nitrate enrichment in the Bornholm Sea intermediate waters in March with concentrations of up
to about 9 pmol/l. Afterwards, nitrate significantly declined during May and July. In November,
oxygenated water caused again elevated nitrate concentration in the Bornholm Sea at 50 m to
70 m depth that subsequently even reached the bottom of the southern Gotland Sea increasing
the nitrate concentration to about 9 pmol/l there (Fig. 29).

4.5 Nutrients: Particulate organic carbon and nitrogen (POC, PON)

POM includes biomass from living microbial cells, detrital material including dead cells, fecal
pellets, other aggregated material, and terrestrially-derived organic matter (KHARBUSH et al.
2020). It constitutes the main pathway by which organic matter is channeled through the
biological pump to depths (LE MOIGNE 2019). In the photic surface waters of the Baltic Sea,
particulate organic carbon (POC) and nitrogen (PON) concentrations are mainly controlled by the
presence, growth, and degradation of biologically produced material (SzymczycHA et al. 2017,
WINOGRADOW et al. 2019). Although terrestrial inputs are a significant source of organic matter to
the Baltic Sea regarding the dissolved fraction (NAUSCH et al. 2008, SEIDEL et al. 2017), the weak
correlation of salinity and POC (Pearson’s r=0.07, p<0.001, n=2598) indicated that terrestrial
particulate organic matter (POM) played a negligible role at the sampled stations.

POC and PON concentrations were elevated in the surface waters of all stations to varying
degrees from March to July (Fig. 30). The seasonal POC and PON signal induced by primary
production decreased with water depths, but was often visible down to the bottom water layers
especially at the shallow stations TFO5 near Warnemiinde and TFo360 at Kiel Bight. At the
shallow stations, sediment resuspension likely contributes to PON and POC at depth. In the
bottom waters of the Bornholm Basin (TFo213), slightly elevated PON concentrations throughout
the year potentially resulted from the hypoxic conditions prevailing in 2021 (see Chapter 4.3),
supporting organic matter preservation (JESSEN et al. 2017).
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Generally, POC and PON concentrations were highly correlated (1995 to 2021, Pearson’s r=0.94,
p<0.001, N=2764). The particulate C/N ratios were for 2021 on average 6.5+0.7 for the bottom
waters and 6.2z0.5 for the surface waters and thus significantly below the long-term means of
7.9+0.9 and 7.6x0.8, respectively (Table 10). The deviation towards lower values in surface and
deep waters were visible during all months, except for the surface water C/N ratio in March (Fig.
31). The overall 2021 C/N ratio of 6.0+1.4 was lower than the ratio for living plankton of 6.6
(REDFIELD 1934) and may indicate a combined effect of low terrigenous input of usually higher C/N
ratio, primary production, and enhanced heterotrophic biomass contribution during the
extremely warm summer (see Chapter 2, (ZIMMERMAN et al. 2014)).
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Fig. 30: POC, PON concentrations as well as the particulate C/N ratio over water depth in 2021 by month
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southeastern Arkona Basin, TFo113 — central Arkona Basin, TFo213 — Bornholm Basin/Bornholm Deep).
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Table 10: Average concentrations and C/N ratio of POC and PON in the surface and deep waters in 2021 in
comparison to historic data. Differences in means were analyzed via Welch test, significance and degrees
of freedom (df) are provided.

Surface POM Deep POM
2021 1995- Welch-Test 2021 1995- Welch-Test
2020 2020

POC (umol/L) | 22.4%2.2 25.3t7.9 p¢0.05,df=11.0 | 17.426.5 19.9%9.0 p=043, df=4.6
PON (umol/L) | 3.5#0.4  3.3*t0.9 p=0.30,df=6.7 | 2.620.8  2.5#1.1  p=0.80, df=4.6

C/N 6.220.5 7.6+0.8 p<0.001, 6.5t0.7 7.9%0.9  p¢0.01, df=4.6
df=6.0

4.6 Organic hazardous substances in surface water of the Baltic Sea in January/February 2021

The Baltic Sea is largely affected through contamination since the onset of the industrialization
in the late 19th century. Riverine transport and atmospheric deposition are the main transport
pathways of organic hazardous substances from land based sources in the catchment area into
the Baltic Sea (HELCOM 2018c¢).

During the monitoring cruise in January/February 2021, Baltic Sea surface water was sampled
and analyzed for polycyclic aromatic (PAH) and chlorinated (CHC) hydrocarbons (Table 11). In this
report the obtained data are summarized (for an overview see Fig. 32) and time series data for
the Mecklenburg Bight, Arkona Sea and the Pomeranian Bight are continued. The results are
assessed based on criteria of HELCOM as well as the Marine Strategy Framework Directive (MSFD)
and the Water Framework Directive (WF).
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2021 Assessment: Surface water
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Fig. 32: Summary of obtained data for polycyclic aromatic hydrocarbons (PAH) and chlorinated
hydrocarbons (CHC) for the study areas in Baltic Sea surface water in Jan/Feb 2021. SPAHsum: summarized
concentrations for U.S. EPA PAH indicator compounds (exc. Naph) in dissolved and particulate water
fraction, HCBsum: summarized HCB concentration for dissolved and particulate water fraction, 2DDTsum:
summarized concentrations of DDT and metabolites in dissolved and particulate water fraction, 2PCBsum:
summarized concentrations of PCBices congeners of dissolved and particulate water fraction.

Table 11: Analyzed compounds in Baltic Sea surface water samples obtained during the January/February

2021 observation.

Compound
group

Subgroup Determined substances

ICES-polychlorinated |PCB28/31, PCB52, PCB101, PCB118, PCB153, PCB138, PCB180
biphenyls (PCBices)

dichlorodiphenyl- p,p*-DDT, 0,p-DDT
trichloroethane (DDT)
and metabolites

dichlorodiphenyldichloroethylene (DDE): p,p-DDE
dichlorodiphenyldichloroethane (DDD): p,p*DDD

Chlorinated hydrocarbons

hexachlorobenzene (HCB)
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U.S. EPA PAH indicator |acenaphthylene (ACNLE), acenaphthene (ACNE), fluorine
compounds except (FIE), pheanthrene (PA), anthracene (ANT), fluoranthene
naphthalene (FLU), pyrene (PYR), benzo(a)anthracene (BAA), chrysene
(CHR), benzo(H)fluoranthene (BBF), benzo(k)fluoranthene
(BKF), benzo(a)pyrene (BAP), indeno(1,2,3-cad)pyrene (ICDP),
dibenzo(a,A)anthracene (DBAH), benzo(g, A, )perylene
(BGHIP)

Polycyclic aromatic
hydrocarbons (PAH)

Samples were taken in winter season during the expedition EMB256 with RV “Elisabeth Mann
Borgese” inJanuary/February 2021, at which the Baltic Sea water is most unaffected by biological
conditions such as through algal blooms. Surface water transect samples were obtained in
different Baltic Sea study areas (Fig. 33).

——2021 transect routes

Fig. 33: Surface water sampling transect routes of the research vessel during the January/February 2021
monitoring. T1: Kiel Bight/Fehmarn Belt, T2: Mecklenburg Bight, T3: Arkona Sea, T4: Pomeranian Bight, Ts:
Bornholm Sea, Té6: Central Baltic Sea, T7: Eastern Gotland Sea (South), T8: Eastern Gotland Sea (North),
T9: Western Gotland Sea.

During the transect route a pump/filtration system was used to continuously pump surface water
from 5 m below the surface through a GF/F filter and subsequently through an XAD-2 resin packed
column with a flow rate of about 1.1 |[/min for 4 to 6 hours.

Chemical analysis of the CHC and PAH in the dissolved and particulate water fractions was
conducted as described before (ScHULZ-BULL et al. 2011; KANWISCHER et al. 2020). All analysis
followed accredited procedures.
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4.6.1 Chlorinated Hydrocarbons: DDT and metabolites, hexachlorobenzene (HCB) and
polychlorinated biphenyls (PCB)

The insecticide DDT has been used as a contact and feeding poison in agriculture and forestry

since the 1940s. DDT technical formulations were mixtures of o,p”’and p,p’congeners with p,p*

DDT as the predominant one. In the environment DDT degrades to the stable metabolites DDE

and DDD. Due to their chemical stability and lipophilic properties, these contaminants

accumulate in the tissues of animals and humans via the food chain.

HCB is a fungicide which was mainly used for seed treatment and as wood preservative. It is
persistent and toxic to aquatic organisms.

Since the 19305 PCBs had been used as fluids in hydraulic systems, as lubricants and insulating
and cooling fluids in transformers and electrical capacitors. Commercial PCB formulations
usually consisted of a wide range of PCB congeners which differ in the number and position of
substituted chlorine on the biphenyl rings. Seven PCB congeners were suggested as indicators
for environmental monitoring by the International Council of the Exploration of the Sea (ICES,
PCBices).

Production and use of DDT, HCB and PCBs is internationally restricted or banned by the
Stockholm Convention of 2004.

Results for DDT and metabolites in Baltic Sea surface water

In Baltic Sea surface water, concentrations for DDT and its metabolites (ZDDTsun® ranged from
4.0 pg/L in the Western Gotland Sea (T9) to 14.7 pg/L at the Pomeranian Bight (T4) (median:
5.8 pg/L, Fig. 34, Table Appendix 1). For the western part of the Baltic Sea (T1 — T4) basically
higher ZDDTsum concentrations were determined than for the areas Ts — Tg.

The observed high suspended matter (SPM) load at the Pomeranian Bight (about 1.5 mg/L) is
accompanied with the highest particulate £DDTpart> concentration of 7.2 pg/L at this site (Fig. 34).

As observed in previous years, too, basically higher concentrations of the long-lived degradation
products p,p*DDE and p,p-DDD as compared to p,p-DDT were determined (Fig. 34). This implies
no recent inputs of DDT which is also reflected by p,p-DDT/p,p*DDE ratios mostly below 0.5
(STRANDBERG et al. 1998) (Table 12).

Table 12: Ratios of p,p'-DDT/p,p -DDE for the determined concentrations of DDT and metabolites in Baltic
Sea surface water. @ ratios were determined from summarized particulate and dissolved concentrations

T T2 T3 T4 Ts Té T7 T8 To

p,p-DDT/p,pDDE2 o0.24 0.28 0.36 0.26 0.49 0.47 0.46 0.43 0.61

1 7DDTsum: summarized concentration of DDT congeners and metabolites in particulate and dissolved water fraction
2 3DDTpart: sSummarized concentration of DDT congeners and metabolites in particulate water fraction
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Fig. 35 depicts concentrations of p,p“DDE and p,p“DDT of past winter observations for the study
areas Mecklenburg Bight, Arkona Sea and Pomeranian Bight. Trends of decreasing concentration

for both compounds continue at these sites.
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Fig. 35: Time series of p,p’-DDT and p,p’-DDE concentrations in surface water of the Mecklenburg Bight,
Arkona Sea and Pomeranian Bight. Upper panel: dissolved water fraction, lower panel: summarized
dissolved and suspended water fraction. Gaps in the time line indicate no sampling in the respective year;
concentrations at “o ng/L” mean that the compound was not detected in the sample.

Results for HCB in Baltic Sea surface water

HCB was mainly found in the dissolved water fractions (Table Appendix 2) and determined
concentrations for HCBsum3 ranged from 5.1 to 8.1pg/L (median: 5.6 pg/L). As for
DDT/metabolites and the PCBices, too, the highest HCBpart concentration of 1.3 pg/L found for the
site Pomeranian Bight is accompanied by a high SPM load.

Long-term developments of HCB concentrations for the areas Mecklenburg Bight, Arkona Sea
and Pomeranian Bight are shown in Fig. 36. Overall, since 2001 HCB concentrations have

3 HCBsum: summarized HCB concentrations of particulate and dissolved water fraction
4 HCBpart: HCB concentrations in the particulate water fractions
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decreased only slightly which reflects the persistence of this contaminant in the marine
environment.
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Fig. 36: Concentrations of HCB in Baltic Sea surface water of the Mecklenburg Bight, Arkona Sea and the
Pomeranian Bight. Upper panel: dissolved water fraction, lower panel: summarized dissolved and
suspended water fraction. Gaps in the time line indicate no sampling in the respective year.

Results for PCBices in Baltic Sea surface water

Determined concentrations for PCBices ranged from 2.4 in the Western Gotland Sea (T9) to
7.5 pg/L ZPCBsumsin the Pomeranian Bight (T4) (Fig. 37, Table Appendix 2). In the study areas T1
to T4 PCB concentrations were basically higher than for T to Tg.

High SPM loads accompany with high ZPCBparté concentrations in the areas Fehmarn Belt/Kiel
Bight with 3.0 pg/L ZPCBpart (SPM 1.1 mg/L) and the Pomeranian Bight with 4.4 pg/L ZPCBpart (SPM
1.5 mg/L). The high particulate PCB concentrations at the site Fehmarn Belt/Kiel Bight might have
derived from bad weather conditions with strong winds at this shallow site and resuspension of

5 2PCBsum: summarized concentrations of PCBices congeners of the dissolved and particulate water fraction
6 JPCBpart: summarized concentrations of PCBices congeners in the particulate water fraction
7 ZPCBudiss: summarized concentrations of PCBices congeners in the dissolved water fraction
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the contaminants from the surface sediments. At the Pomeranian Bight the high load of SPM
presumably derives from the riverine inflow of the river Odra.

Fig. 38 shows PCB concentrations in surface water for the areas Mecklenburg Bight, Arkona Sea
and Pomeranian Bight of past winter observations. At these sites concentrations for ZPCBuiss?
decreased continuously from about 20 pg/L to currently about 3 pg/L.
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Fig. 38: Time series of 3PCBices concentrations in Baltic Sea surface water at the Mecklenburg Bight, the
Arkona Sea and the Pomeranian Bight. Upper panel: dissolved water fraction, lower panel: summarized
dissolved and suspended water fraction. Gaps in the time line indicate no sampling in the resp. year.

4.6.2 Results for polycyclic aromatic hydrocarbons (PAHs) in Baltic Sea surface water

PAHSs result from incomplete combustion of organic material. They largely derive from industrial
combustion processes such as from fossil fuel or wood combustion. Thus, the presence of these
pollutants in the environment is strongly associated to anthropogenic activities. PAHs enter the
marine environment particularly through oil spills from shipping, river discharges and the
atmosphere. PAHs are persistent in the environment and have toxic, carcinogenic as well as
reprotoxic properties. PAHs belong to the main environmental pollutants. The 16 U.S. EPA PAH
indicator compounds serve as representatives for PAH contamination in the environment (KEITH
2015).

Obtained concentrations for ZPAHsum8 in Baltic Sea surface water ranged from 3665 pg/L in the
Arkona Sea (T3) to 6939 pg/L in the Eastern Gotland Sea (South, T7). In contrast to observed PAH
data for the year 2020 (NAUMANN et al. 2021) highest PAH concentrations were found in the areas
from the Central Baltic Sea to the Eastern Gotland Sea (T6-T8, Fig. 39, Table Appendix 3). Highest

8 $PAHsum: summarized U.S. EPA PAH indicator compounds (exc. Naph) in particulate and dissolved water fraction
9 2PAHpart: summarized U.S. EPA PAH indicator compounds (exc. Naph) in particulate water fraction
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2PAHar9 concentrations of 1872 pg/L at the Pomeranian Bight accompany with the high SPM load
there.
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January/February 2021.
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Diagnostic ratios as described by e.g., YUNKER et al. 2002; KATSOYIANNIS & BREIVIK 2014 can be
utilized to identify sources of PAH contamination. Application of the diagnostic ratio
BAA/(BAA+CHR) to the observed data reveals petrogenic and combustion processes as PAH
sources (Table 13). The BAP/BGHIP ratio of the determined PAH was above 0.6 in all studied areas
which identifies marine traffic as a source of PAH contamination, too.

Table 13: Diagnostic ratios BAP/BGHIP and BAA/(BAA+CHR) for the identification of putative PAH sources
in Baltic Sea surface water in January/February 2021. Boundaries: BAA/(BAA+CHR) < 0.2: petrogenic PAH
source, BAA/(BAA+CHR) » 0.35: combustion derived PAH, 0.2 <« BAA/(BAA+CHR) < 0.35: mixed sources,
BAP/BGHIP » 0.6: traffic derived PAH; data for dissolved and particulate water fraction are summarized

T1 T2 T3 T4 Ts T6 T7 T8 To

BAP/BGHIP 0.61 0.66 0.58 0.75 0.83 1.10 1.12 1.11 1.46
BAA/(BAA+CHR) 0.26 0.24 0.23 0.33 0.26 0.28 0.28 0.28 0.28

The BAP/BGHIP ratio was predominantly high for the areas Central Baltic Sea, Eastern Gotland
Sea and Western Gotland Sea (T6 to T9), i.e., ratios were above 1.0 and for T6, T8 and Tg the ratio
was highest since 2004 (Fig. 40).
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Fig. 40: Results for the diagnostic ratio BAP/BGHIP of the determined PAH for the areas T6-T9 since 2004.
The reference line at 0.6 indicates the boundary value for this ratio; data for dissolved and particulate
water fraction are summarized.

Analysis of the distribution of the data for the PAH compound BAP, which derives from traffic
sources (e.g., LEE et al. 1995; NIELSEN 1996), and total PAH for the time period from 2004 to 2021
for the study areas shows that for the year 2021 the obtained BAP concentrations were



8o

particularly high in the areas Té6 to Tg (Fig. 41) whereas total PAH concentrations where within the
75t and 25t percentile. Thus, for the sites T6 to Tg the proportion of the traffic derived PAH
compound BAP on total PAH was exceptionally high.
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Fig. 41: Distribution of data for A BAP and B total PAH in Baltic Sea surface water in the time period from
2004 to 2021. Shown are the values for minimum, maximum, 25, 50t (median) and 75t percentile. Open
circles represent the data obtained during the 2021 monitoring. Data for dissolved and particulate water
fraction are summarized.

Time series PAH data for Baltic Sea surface water since 2003 for the areas Mecklenburg Bight,
Arkona Sea and Pomeranian Bight are shown in Fig. 42. The pattern depicts high variation of the
PAH concentrations indicating temporally intense PAH sources.

4.6.3 Assessment of the results

Quantitative limits for contaminants in the Baltic Sea have been defined within the framework of
European water policy and the HELCOM commitment within the scope of the Baltic Sea Action
Plan. Under European legislation monitoring of hazardous substances in the Baltic Sea is
directed through the MSFD and the WFD*. The Environmental Quality Standards (EQS) for

10 Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a framework for
community action in the field of marine environmental policy

1 Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a framework
for Community action in the field of water policy
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surface waters of the EQS Directive2 serve as the basis to evaluate obtained results for Baltic
Sea surface water in January/February 2021 (Table 14).
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Fig. 42: Concentrations of 3PAH in surface water of the Mecklenburg Bight, the Arkona Sea and the
Pomeranian Bight. Upper panel: dissolved water fraction, lower panel: summarized dissolved and

suspended water fraction.

None of the obtained contaminant data in the Baltic Sea surface water exceeded defined
maximum allowable concentrations (MAC-EQS, Table 14). In addition, determined
concentrations for DDT and metabolites as well as HCB do not exceed annual average EQS (AA-

EQS) values.

However, concentrations for the high molecular weight PAH compound BBF exceeding the AA-
EQS values were found in the areas Pomeranian Bight, Bornholm Sea, Central Baltic Sea, Eastern
Gotland Sea and the Western Gotland Sea. Concentrations of BGHIP and ICDP (Pomeranian Bight)
as well as BKF and BAP (Eastern Gotland Sea, South) are at the AA-EQS concentration of
0.00017 ug/L. Although the EQS values are not exceeded there, the concentrations of these PAH
compounds might be considered as of concern for marine organisms, too.

12 Directive 2008/105/EC of the European Parliament and of the Council of 16 December 2008 on
environmental quality standards in the field of water policy; amended by directive 2013/39/EU
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Table 14: Assessment of obtained Baltic Sea surface water contaminant concentrations in Jan/Feb 2021 on the basis of Environmental Quality Standards (EQS) of the
EQS-Directive. red values: exceeded EQS, AA-EQS: annual average EQS, MAC-EQS: maximum allowable concentration, data for dissolved and particulate water fraction
are summarized.

P Eastern Eastern Western
Other Surface  Other Surface Kiel Bight/ Mecklenburg Pomeranian  Bomholm Central
waters waters g Bight Arkona Sea . Sea Baltic Sea Gotland Gotland Gotland
Substance Fehm(f‘r";"belt & T3 Bight Sea (South) Sea (North) Sea
AA-EQS MAC-EQS L (T2) (Ts) (Te)
(T4) (T7) (T8) (To)
[ug/L]
SDDTeum 0.025 i 0.000001 0.000001 0.000001 0.000002 0.000001 0.000001  0.000001  0.000001  0.000001
.0“DDTaum 0.01 i 0.000006 0.000006 0.000007 0.000015 0.000006  0.000006  0.000005  0.000005  0.000004
HCBsum ) e 0.000006 0.000006 0.000005 0.000008 0.000005 0.000005  0.000006  0.000006  0.000005
ANTeum 01 oA 0.00008 0.00003 0.00003 0.00006 0.00003 0.00007 0.00007 0.00008 0.00003
FLUsum 0.0063 012 0.0009 0.0007 0.0009 0.0013 0.0012 0.0013 0.0014 0.0012 0.0008
BBFeum 0.00017 s 0.00008 0.00007 0.00010 0.00020 0.00021 0.00021 0.00030 0.00028 0.00022
BKFsum 0.00017 s 0.00004 0.00003 0.00004 0.00010 0.00008 0.00012 0.00017 0.00011 0.00009
BAPsun 0.00017 0.027 0.00004 0.00003 0.00003 0.00013 0.00006 0.00013 0.00017 0.00013 0.00014
BGHIPsum 0.00017 0.0082 0.00007 0.00005 0.00006 0.00017 0.00007 0.00012 0.00015 0.00011 0.00010
0.00007 0.00005 0.00007 0.00017 0.00008 0.00013 0.00016 0.00014 0.00011

ICDPsum 0.00017 -
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Appendix: Organic hazardous substances

Table Appendix 1: Concentrations of DDT and metabolites in Baltic surface water in winter 2021.

Dissolved Transect  p,p*DDE  p,p*DDD  o0,p°DDT  p,p*DDT  3DDTudiss
pg/L
Kiel Bight/ Fehmarn Belt T1 1.7 1.4 0.24 0.41 3.7
Mecklenburg Bight T2 1.9 1.1 0.28 0.56 3.9
Arkona Sea T3 2.4 0.97 0.40 0.90 4.7
Pomeranian Bight T4 3.9 2.3 0.47 0.95 7.5
Bornholm Sea Ts 2.2 1.4 0.46 1.1 5.2
Central Baltic Sea T6 2.5 1.5 0.45 1.2 5.6
Eastern Gotland Sea (South) T7 2.2 1.3 0.41 1.0 5.0
Eastern Gotland Sea (North) T8 1.9 1.4 0.42 0.8 4.6
Western Gotland Sea T9 1.3 0.76 0.25 0.5 2.8
Particulate Transect  p,p*DDE  p,p*DDD 0,p*DDT p,p*DDT  3DDTpart
pg/L
Kiel Bight/ Fehmarn Belt T1 1.3 0.34 0.13 0.31 2.1
Mecklenburg Bight T2 1.2 0.28 0.13 0.30 1.9
Arkona Sea T3 1.2 0.21 0.17 0.41 2.0
Pomeranian Bight T4 4.1 1.6 0.34 1.1 7.2
Bornholm Sea Ts 0.38 0.08 0.06 0.15 0.68
Central Baltic Sea T6 0.40 0.11 0.06 0.15 0.71
Eastern Gotland Sea (South) T7 0.29 0.08 0.05 0.11 0.53
Eastern Gotland Sea (North) T8 0.17 0.06 0.04 0.07 0.35
Western Gotland Sea T9 0.37 0.06 0.20 0.55 1.2
Sum (dissolved + Transect p,p*DDE p,p“DDD o0,p*DDT p,p*DDT  3DDTsum
particulate) pg/L
Kiel Bight/ Fehmarn Belt T1 3.1 1.7 0.37 0.72 5.8
Mecklenburg Bight T2 3.1 1.4 0.41 0.87 5.7
Arkona Sea T3 3.6 1.2 0.57 1.3 6.7
Pomeranian Bight T4 8.0 3.8 0.81 2.1 14.7
Bornholm Sea Ts 2.7 1.4 0.52 1.3 5.9
Central Baltic Sea T6 2.9 1.6 0.51 1.3 6.3
Eastern Gotland Sea (South) T7 2.5 1.4 0.46 1.1 5.5
Eastern Gotland Sea (North) T8 2.1 1.5 0.46 0.90 4.9
Western Gotland Sea To 1.7 0.82 0.45 1.0 4.0
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PCB PCB PCB PCB PCB PCB PCB
Dissolved Transect HCB 3PCBuiss
28/31 52 101 118 153 138 180
pg/L
Kiel Bight/ Fehmarn Belt T1 5.8 1.1 0.62 0.61 0.33 0.56 0.33 0.06 3.6
Mecklenburg Bight T2 5.4 0.85 0.45 0.52 0.30 0.51 0.32 0.07 3.1
Arkona Sea T3 48 070 031 0.31 0.23 0.34 0.22 0.05 2.2
Pomeranian Bight T4 6.9 0.94 0.48 0.48 0.30 0.49 0.32 0.08 3.1
Bornholm Sea Tsg 5.1 0.79 0.37 0.36 0.30 0.31 0.22 0.06 2.4
Central Baltic Sea T6 5.3 0.82 0.33 0.27 0.27 0.27 0.21 0.06 2.2
Eastern Gotland Sea (South) T7 5.4 0.88 0.33 0.26 0.27 0.26 0.19 0.06 2.3
Eastern Gotland Sea (North) T8 5.8 0.83 0.31 0.25 0.26 0.23 0.18 0.06 2.1
Western Gotland Sea To 4.9 0.68 0.26 0.21 0.23 0.22 0.18 0.06 1.8
PCB PCB PCB PCB PCB PCB PCB
Particulate Transect HCB 3PCBpart
28/31 52 101 118 153 138 180
pg/L
Kiel Bight/ Fehmarn Belt T1 0.40 0.17 0.12 0.37 0.33 1.1 0.65 0.28 3.0
Mecklenburg Bight T2 0.31 0.12 0.08 0.20 0.23 0.63 0.39 0.18 1.8
Arkona Sea T3 0.31 0.08 0.06 0.11 0.14 0.34 0.22 0.13 1.1
Pomeranian Bight T4 1.3 0.37 0.17 0.41 0.53 1.3 0.89 0.65 4.4
Bornholm Sea Ts 0.14 0.03 0.02 0.03 0.06 0.10 0.07 0.05 0.37
Central Baltic Sea T6 0.15 0.04 0.03 0.04 0.06 0.10 0.06 0.06 0.39
Eastern Gotland Sea (South) T7 0.18 0.03 0.02 0.02 0.07 0.08 0.06 0.05 0.33
Eastern Gotland Sea (North) T8 0.10 0.03 0.02 0.03 0.07 0.06 0.05 0.04 0.29
Western Gotland Sea To 0.12 0.02 0.02 0.05 0.07 0.28 0.07 0.06 0.57
PCB PCB PCB PCB PCB PCB PCB
Sum (dissolved+ Transect HCB SPCBsum
28/31 52 101 118 153 138 180
particulate) pg/L
Kiel Bight/ Fehmarn Belt T1 6.2 1.3 0.74 0.98 0.66 1.6 0.99 0.34 6.6
Mecklenburg Bight T2 5.7 0.96 0.53 0.72 0.53 1.1 0.71 0.25 4.8
Arkona Sea T3 5.1 0.79 0.36 0.42 0.37 0.67 0.43 0.18 3.2
Pomeranian Bight T4 8.1 1.3 0.65 0.89 0.84 1.8 1.2 0.73 7.5
Bornholm Sea Ts 5.2 0.82 0.40 0.39 0.36 0.41 0.29 0.12 2.8
Central Baltic Sea T6 5.4 0.86 0.36 0.31 0.33 0.37 0.27 0.12 2.6
Eastern Gotland Sea (South) T7 5.6 0.91 0.35 0.28 0.34 0.34 0.25 0.11 2.6
Eastern Gotland Sea (North) T8 5.9 0.85 0.33 0.28 0.33 0.30 0.23 0.10 2.4
Western Gotland Sea T9 5.1 0.70 0.28 0.26 0.30 0.50 0.25 0.12 2.4
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Table Appendix 3: Concentrations of AHs in Baltic surface water in Jan/Feb 2021

Dissolved Transect ACNLE ACNE FLE ANT PA FLU PYR BAA CHR BBF BKF BAP DBAHA ICDP BGHIP 3PAHuiss
pg/L
Kiel Bight/ Fehmarn Belt T1 375 176 1221 72 1744 796 362 17 68 15 7.3 5.0 0.6 2.2 2.3 4865
Mecklenburg Bight T2 168 155 1040 32 1155 686 318 15 61 20 6.5 4.9 0.7 2.6 2.5 3667
Arkona Sea T3 77 92 995 28 404 860 576 38 145 39 17 10 1.4 5.9 5.4 3294
Pomeranian Bight T4 89 136 1336 32 399 979 472 22 69 26 8 5.0 0.9 3.8 3.5 3581
Bornholm Sea Ts 101 122 1209 30 1075 1181 684 104 305 162 56 37 5.0 26 22 5117
Central Baltic Sea T6 271 139 1312 68 1320 1312 822 147 382 138 79 83 6.9 37 30 6146
Eastern Gotland Sea (South) T7 231 126 1277 69 1383 1325 855 147 390 219 126 114 8.9 52 41 6363
Eastern Gotland Sea (North) T8 248 124 1136 75 1073 1174 727 147 389 213 78 85 7.9 45 35 5555
Western Gotland Sea To 62 63 608 31 704 729 498 95 254 175 59 108 5.4 32 28 3450
Particulate Transect ACNLE ACNE FLE ANT PA  FLU PYR BAA CHR BBF BKF BAP DBAHA ICDP BGHIP  3PAHpar
pg/L

Kiel Bight/ Fehmarn Belt T1 2.5 2.3 6.9 3.0 37 67 44 22 44 67 32 35 11 67 63 504
Mecklenburg Bight T2 2.0 1.2 5.3 2.0 22 50 35 15 35 51 26 27 8.0 51 47 378
Arkona Sea T3 1.8 1.5 4.6 1.5 12 36 25 14 34 65 25 25 8.0 61 55 371
Pomeranian Bight T4 19 44 80 30 166 322 198 91 164 174 94 124 32 164 169 1872
Bornholm Sea Ts 1.9 0.5 2.0 1.1 9 19 16 11 25 45 24 25 8.0 58 52 297
Central Baltic Sea T6 4.3 0.4 2.8 2.0 15 30 27 20 39 67 39 48 14 95 89 493
Eastern Gotland Sea (South) T7 5.0 0.5 3.0 2.5 16 33 31 24 41 81 46 54 17 112 109 575
Eastern Gotland Sea (North) T8 3.8 0.4 1.9 1.9 12 27 24 16 30 63 34 43 13 93 80 444

Western Gotland Sea To 3.6 0.4 1.7 1.5 11 23 20 15 25 45 31 36 11 77 71 371
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App. Table 3 continued

Sum (particulate + Transect ACNLE ACNE FLE ANT PA FLU PYR BAA CHR BBF BKF BAP DBAHA ICDP BGHIP 3PAHsum
dissolved) pg/L

Kiel Bight/ Fehmarn Belt T1 377 178 1228 75 1781 863 407 39 112 82 39 40 11 69 65 5368
Mecklenburg Bight T2 170 156 1046 34 1177 737 353 30 96 71 33 32 8,7 53 49 4045
Arkona Sea T3 78 94 999 30 416 896 601 53 179 104 42 35 10 67 61 3665
Pomeranian Bight T4 108 180 1416 62 566 1301 670 113 232 200 102 129 33 167 173 5453
Bornholm Sea Ts5 103 122 1211 31 1084 1201 700 115 329 207 79 62 13 84 74 5414
Central Baltic Sea T6 275 139 1314 70 1335 1343 848 167 421 205 119 130 21 132 119 6639
Eastern Gotland Sea (South) T7 236 127 1280 72 1399 1357 886 171 431 300 172 168 26 164 150 6939
Eastern Gotland Sea (North) T8 251 124 1138 77 1085 1201 751 164 419 276 113 128 21 137 115 6000

Western Gotland Sea To 65 64 610 32 715 752 518 109 279 220 90 144 16 108 99 3821
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