10.

11.

12.

13.

14.

15.

Science Days for the Gulf of Finland and the eastern Baltic Sea.
“Science shakes a hand with coastal life and citizens”
30t of November 1st of December, 2022
Lotta Ruokanen: Subregional Baltic Sea co-operation contributing to the work of HELCOM

Loreta Kelp$aité-Rimkiené: Natural and anthropogenic factors impact on the use of the sandy
beaches in Klaipéda municipality

Kevin Parnell: Baltic Sea coasts under the influence of climate change

Anda lkauniece: Synthesising our knowledge about functioning of the Baltic Sea food web
Ville Junttila: Harmful substances in the Gulf of Finland

Sergej Olenin: Biological invasions in the Baltic Sea: myths and reality

Kari Hyytidinen: Economic viewpoint and other perspectives to the sea.

leva Putna-Nimane: Active pharmaceutical ingredients in environment — from data gaps to
educational campaign (case study, Latvia and Lithuania).

Andrea Giudici, Rain Mannikus, Fatemeh Najafzadeh, Mikolaj Zbigniew Jankowski, Tarmo
Soomere, Ulo Suursaar: High-resolution wave model for coastal management and engineering.

Uldis Zaimis: Application of the Lattice Boltzmann method in coastal erosion modelling.

Majid Mostafavi, N. Delpeche-Ellmann, A. Ellmann: Bi-directional Sea Level Data Gap-filling
using High-inclination Satellite Altimetry Missions in Baltic Sea.

Tarmo Soomere: Spatially varying role of manifestations of climate change on coastal
processes from the German Bight to the Gulf of Finland.

Sintija Ozolina, Uldis Zaimis: Some aspects of extraction and application of seaweed furcellaria
lumbricalis carrageenan in the production of recycled paper.

Jukka Mehtonen, Katri Siimes, Matti Leppanen, Ville Junttila, Lauri Aystd, Emmi Vaha:
Proposal on Finnish River Basin Specific Pollutants under WFD — Substances relevant for
Baltic Sea.

Arun Mishra: Rapid quantification of microplastics by using Nile Red staining - A cost-effective
and semiautomated
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The HELCOM vision

“A healthy Baltic Sea environment with diverse biological
components functioning in balance, resulting in a good
ecological status and supporting a wide range of
sustainable economic and social activities.”




HELCOM is a regional...

§ 4 b
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environmental environmental
policy maker focal point e.g.
e.qg. BSAP HOLAS

| e

body for developing
regional
recommendations
e.g. HELCOM
recommendations

4 HELCOM

S, o

supervisory coordinating body

body e.qg. HELCOM

e.g. MAI| Response & BALEX
DELTA

Baltic Marine Environment Protection Commission



4 Signing of the Helsinki Convention in 1974

2021

Baltic Sea
2000 Action Plan
Ratification update
of the 1992
Helsinki
Convention
1980
Establishment
of HELCOM
Secretariat
1992
Revision of
Phosphorus (P) input 1974 the Helsinki 2007
to the Baltic Sea Signing of Convention Baltic Sea
(waterborne) the Helsinki (expanded to Action Plan
Convention 10 members)
1972 (7 members) I%(?LAOZI
UN Conference
on the Human Assessment of
Environment the ecosystem
health of the
Baltic Sea
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Liibeck Ministerial Meeting 20 October 2021:

“AGREE to implement all actions and commitments in the J
updated Baltic Sea Action Plan by the dates specified in the plan,
with a view to finalizing implementation of the Baltic Sea Action
Plan as a whole by 2030 at the latest”




2021 Baltic Sea Action Plan: structure & goals

Vision

a healthy Baltic Sea environment with
diverse biological components functionin;
in balance, resulting in a good ecological

status and supporting a wide range of
sustainable economic and social activities

Baltic Sea ecosystem is healthy
& and resilient

B Baltic Sea unaffected by
hazardous substances and litter

~ Environmentally sustainable
sea-based activities

Baltic Sea unaffected by
eutrophication

Horizontal topics

™ Climate change; monitoring; maritime
a ﬂ @ g E s S ot et oo
i - . .
= =% analysis; financing; hot spots; knowledge

exchange and awareness raising

4 HELCOM

Logic in the structure:

Chain of consequence, whereby
human activities result in
pressures on the environment,
which in turn affect the state of
biodiversity, which has been used
as a basis when elaborating the
updated BSAP

Baltic Marine Environment Protection Commission



4 HELCOM

Associated action documents to 2021 BSAP

* HELCOM Recommendation 42-43/1 on Regional Action Plan on
Underwater Noise

« HELCOM Recommendation 42-43/2 on Amendments to Part [l Annex Il
“Criteria and Measures Concerning the Prevention of Pollution from Land-
Based Sources” of the 1992 Helsinki Convention

* HELCOM Recommendation 42-43/3 on Regional Action Plan on Marine
Litter

 Baltic Sea Regional Nutrient Recycling Strategy
* Regional Maritime Spatial Planning Roadmap 2021-2030

* Guidelines for Sea Based Measures to Manage Internal Nutrient Reserves
in the Baltic Sea Region

Baltic Marine Environment Protection Commission



Decision making process in HELCOM:
a bottom-up, science-based approach

-
1) A mandate
or impulse to
look into a
specific issue is
usually given by
the Contracting
Parties

2) The HELCOM
Expert Groups
constituted of
national experts
provide the scientific
or technical
background

xf;o

o

3) The HELCOM
Working Groups
(WG), also constituted
of national experts,
translate the scientific
findings into draft
recommendations,
strategies or actions

4 HELCOM

N
4) The Heads of 5) Sometimes,
Delegation decision are taken
formally approve at a higher level:
the work of the Annual Meeting of

Working Groups the Helsinki
Commission,
Ministerial Meeting
(every three years)

Baltic Marine Environment Protection Commission



4 HELCOM

Projects supporting HELCOM work

 HELCOM’s main tasks are carried out by the main groups (subsidiary
bodies) WGs, EGs

 HELCOM projects or ad hoc groups can be established to provide an
adaptive and flexible system for dealing with specific issues from a
more thematic perspective

* Projects and drafting or ad hoc groups can be subregional and
provide direct support and increase expert/stakeholder
involvement with the work carried out within the permanent groups

* Projects within the HELCOM core budget & externally funded projects

Baltic Marine Environment Protection Commission



.  HELCOM
Examples of current projects

|/

i

Baltic

e BalticDataFlows 2020-23 — Fl, SE, LV and ICES
DataFlows

* enhancing sharing and harmonisation of data on the marine
environment from existing monitoring programmes, moving
towards service-based data sharing

* Open datasets are made available

)
|
AV

|

 BLUES - HELCOM biodiversity, litter, underwater noise and

effective regional measures for the Baltic Sea 2021-23 —
DE, EE, FI, LV, LT, SE 9

* biodiversity, marine litter and underwater noise Co-funded by the

L )

* support development of new and regionally coordinated BLUES
measures addressing pressures

* back assessments of the state of the sea through improved
monitoring and indicators

e Supporting the HOLAS Il

European Union

Baltic Marine Environment Protection Commission



4 HELCOM

NEFCO

A
* Holistic Action Plan — Hazardous substances (HAPhazard) NiB

Small projects

NORDIC
INVESTMEN
BANK

2022-24
 NEFCO BSAP Fund co-funding
* Project researcher to support BSAP action HL1 implementation

* BALLOONS 2022 - Phasing out the intentional releases of
inflated balloons as well as considering phasing out confetti K I M O

outdoors r

e SE, DK co-funding

e Contracted work from KIMO International to support RAP Marine
Litter action RL13, RL14

Baltic Marine Environment Protection Commission



4 HELCOM

Other important subregional work...

* Input directly to the WG and EG work from HELCOM Observers
* interest organisations, NGOs, networks

* Local implementation of regional commitments
e 2021 BSAP, RAP Marine Litter and Underwater Noise

* Roadmaps, Recommendations, Guidelines... To national guidance
documents, training systems or support shemes

* Regions, municipalities, ports, farmers and their subregional/national
cooperation

Baltic Marine Environment Protection Commission



4 HELCOM

..Other important subregional work

* Processes and bilateral agreements building towards regional work

* transnational research

* joint piloting, innovation competitions

* sectorwise development of methods or technologies

* co-development via networking like the Baltic Sea Challenge

* Also via projects

* WaterDrive in rural water management > Policy brief, support to BSAP
implementation in actions within agriculture

* BSR WATER platform for stormwater management > Policy briefs, revision of
a HELCOM Recommendation 23/5

* BALTICITIES kicking off tomorrow?

Baltic Marine Environment Protection Commission



4 HELCOM

Implementation of the 2021 BSAP

e The actions have:

S S - v

individual been identified been linked to been assigned one or bgen .dedicated

target years assupporting  relevant several HELCOM criteria for
action or pressures and bodies responsible for achievement
measure activities taking the work on the

action forward

...and the level of implementation of each action has been identified as
national or joint.

Baltic Marine Environment Protection Commission



4 HELCOM

Tracking progress

Tracking progress of implementation:

/*\
\Y/

HELCOM Explorer (2025 and 2029)

Tracking effect of implementation:

§9) w ®

HELCOM joint monitoring HELCOM indicators HELCOM assessments

Baltic Marine Environment Protection Commission
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Klaipeda
O University

i Science Forum and BALTICITIES Kick off meeting
CONEXUS 30 November -01 December 2022, Helsiki (Finland

NATURAL AND ANTHROPOGENIC FACTORS
IMPACT ON THE USE OF THE SANDY BEACHES IN
KLAIPEDA MUNICIPALITY

Kelp3aité-Rimkienég, L., Baltranaité, E., R., Sakurova, |. &
Kondrat, V.

loreta.kelpsaite-rimkiene@ku.lt Marine Research Institute, Klaipéda University, Lithuania
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SANDY COASTS OF KLAIPEDA

Melnrages |
.Klaipéda coastal weather station

R

R
B X

Wt

Handicapn©:EB

Baltic Sea

Legend
@® Name of a locality
[ ] kiaipeda City Municipality

0 05 1 2 3 4

cience Forum and B ick off meeting
30 November -01 December 2022, Helsiki (Finland



PORT OF KLAIPEDA

v" KNOWN FROM 1252;

v/ LOCATED SE COAST OF THE BS, IN THE
STRAIT OF KLAIPEDA;

v 12 KM LONG, 1.5 KM WIDE INLET;

v/ SEPARATES CURONIAN SPIT AND
MAINLAND COAST;

v/ WIDTH OF THE FREE-FLOWING PART OF
KLAIPEDA STRAIT IS 0.4 KM;

v/ LAST RECONSTRUCTION IN 2002,
PROLONGED ENTRANCE CANAL.



LAST RECONSTRUCTION OF PORT PIER
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METHODS

Were evaluated shoreline position

changes for 35 years 1984-2019:

v’ T-Sheets (1984, 1990);

v Orthophotos (1995, 2005);

v" GPS survey data (2010, 2015,
2019);

v’ Cross-shore profiles changes & AV.

Science Forum and BALTICITIES Kick off meeting
30 November -01 December 2022, Helsiki (Finland
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RESULTS ﬁ
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METHODS

Basic steps of the Bayesian analysis:

Quantifying information provided by new
data via the likelihood;

Using Bayes’ Theorem to update beliefs
and form the posterior distribution

Science Forum and BALTICITIES Kick off meeting
30 November -01 December 2022, Helsiki (Finland

14



M ETH O DS Dominant seaside features Mean wave height

Bayesian Network Conceptua| model Atmospheric pressure Wave direction

Air temperature Wind direction
Water temperature Wind speed

Blue flag sites Biosphere reserves
UNESCO world heritage

Environmental/ecological
dimension

Economic
dimension

| SUSTAINABILITY |

Social dimension

Planning, Number of monthly
management, mentions

development Sentiment ratio

Science Forum and BALTICITIES Kick off meeting documents Klaipéda survey
30 November -01 December 2022, Helsiki (Finld Protected areas

15



RESULTS

South Baltic data Hydrometeorological data;
Type
@ Predictors
@ Target Type
@ Predictors
@ Target

ction, degrees

Wind dir an Wave height, m

an Wind speed, m/s

BF marinas Water temperature, degrees

Science Forum and BALTICITIES Kick off meeting
30 November -01 December 2022, Helsiki (Finland 16



RESULTS
SUMMARY

» Air temperature and wind direction were shown to be of greater
importance in relation to other physical geographical factors;

» Beach for the recreation — most important predictor: distance to the
beach;

> In the off-season, the highest conditional probability was shown in the
Melnragés | and Giruliy beaches, as well as other, nonofficial beaches;

» The existence of a Blue Flag award was a significant predictor concerning
development plans;

» The presence of sandy beaches and dunes were shown to be the highest
influential predictors.

Science Forum and BALTICITIES Kick off meeting
30 November -01 December 2022, Helsiki (Finland 17



CONCLUSIONS

v Physical geographical affected by
factors of the other two pillars of
sustainability—the economy and
society—than by the system itself;

v Physical geographical factors such as
location, beach type (sandy beaches
and dunes), acceptable bathing water
temperature, and air temperature play
a significant role’

v’ Significance of the sandy beaches and
dunes is widely reflected in the
planning documents at the regional
level.

—— e e e

Science Forum and BALTICITIES Kick off meeting 18
30 November -01 December 2022, Helsiki (Finland
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ACKNOWLEDGMENT:

BALTIC RESEARCH PROGRAMME (EEA FINANCIAL MECHANISMS
2014-2021) PROJECT "SOLUTIONS TO CURRENT AND FUTURE

PROBLEMS ON NATURAL AND CONSTRUCTED SHORELINES,
EASTERN BALTIC SEA" (EMP480).

Science Forum and BALTICITIES Kick off meeting 30 November -01 December
2022, Helsiki (Finland
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Baltic Sea coasts under the influence of

climate change

T T T AT e e e e | dNad TNE €aStELNL DallICiote
S P NP

.‘.':. “'“: .;‘. i

- ”':‘3 ¥ e

- ' $ -~ ‘ s - _.A_—-__.‘__ European Union

> Ty - - o - LAt WAVE ENGINEERING  odomentrond



Beaches and other coastal landforms will
always perfectly adapt to a changing climate

* A natural beach never needs
protection from the forces of nature;
it is perfectly adapted to cope with
anything that is thrown at it. Without
the impact of humans, a beach will
always be there and in good shape,
although after a storm, it might be a
different shape or in a new location”
(Pilkey and Cooper, 2014, The Last
Beach).

* That change in shape or location is the
problem for society.




Baltic Sea coastal processes and change:

A story of two halves.

Absolute sea level

Relative sea level

Geology

Sediment availability

Exposure to wind (and therefore wave)
forcing

Sediment transport

Sediment compartment size

Latitude
o
g
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e

Finland

Helsinki ;,,
| G#ff Finland "
)
5t. Petersburg

Tallinn

(Kronstadt)

Russia

10°E

2IZI|:E
Longitude




Sea level is the ultimate control

Absolute Relative

- e
a1 40° 1
e Trend in absolute sea level #hst trend (at selected tide gauge
across Europe based on satellite | stations) and projected change (for the
measurements, 1993-2019 SSP5-8.5 scenario) in relative sea level
iyt across Europe
Trend since 1970  Projected change
M < (mm/year) durjmg 21 cenlgury (m)
- -4to-3 - <-08
B s S % ]
Hl s0-2 5 -/) ¥ Bl 08t0-07 5
o : -2to-1 ol ' P Bl o07t-06
[ -1t0-05 5 -
| ' Aoh B -06t0-05
- e B 05004 | |
-31t0 -
' -0.4t0-0.3
§ -2t0n ] -03t0-02
{ -1to-05 [] -0.2t0-0.1
o> -05t005 [ ] -0.1to0.1
{ osto1 [] 0102
4} 1t02 [] 02t003
[ £ 4
4 2to3 gi © g ’
4 to
@ 3to4 =
[ 05t00.6
§ >4 B 06t00.7 L/

Reference data: ®ESRI

While Absolute Sea Level is important to science and at a global level, Relative Sea Level has application at
the coast. The different messages may be confusing to non-specialists.




Relative sea level

‘ @ast trend (at selected tide gauge

| stations) and projected change (for the 66N 5
SSP5-8.5 scenario) in relative sea level
across Europe
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* Education has led to ‘the general public’ over-
estimating sea level rise (Priestley et al., 2021,
PlosOne). This may or may not be a good thing.

e Sea level is often portrayed in terms of a ‘bath-
tub’” model but in terms of coastal processes. ..

... sea level rise/change (absolute and
relative) is only part (maybe only a small part) b yh
of the sea level experience (for coasts and s NP LS SR,
peOple)- o e, e TR P\ - A CLIMATE C-Df,tENTRA

* For coastal processes, other climate-change
related drivers (considered on a backdrop of
sea-level) are more important, particularly:

» Water level extremes and shorter term changes in
sea level (such as storm surge, wave setup, . . .)

* Wind and wave energy and direction

* Sea ice extent and duration (both have decreased,
which decreases coastal protection and can modify
the distribution of wave approach directions).

How Buckingham Palace in London looks today, and how it might look with sea levels rising from global

warming.




Extreme sea levels

* Basin-wide, [in the future] there are no statistically
significant, long-term changes in extreme sea levels
relative to the mean sea level of the Baltic Sea [expected]
(low confidence) (Meier et al. 2022), however. . .

62° N

* Some studies show that locally, extreme water levels are
increasing (probably due to small changes in wind
direction and perhaps changing sea ice conditions) . ..

58° N
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Figure 7. Trends of storm season (from July to June of the sub-
sequent year) maximum water level derived from simulated to-
tal water level in 1961-2004/2005. Reproduced from Pindsoo and
Soomere (2020) with permission from Elsevier and the authors.



Extreme sea levels

* Basin-wide, [in the future] there are no statistically
significant, long-term changes in extreme sea levels
relative to the mean sea level of the Baltic Sea [expected]
(low confidence) (Meier et al. 2022), however . ..

* Some studies show that locally, extreme water levels are
increasing (probably due to small changes in wind
direction and perhaps changing sea ice conditions) . . .

e ...and maybe occurring more frequently.

Ristna (Estonia) 1962-2010

Figure 5. Number of storm surges (maximum of surge > 70 cm above zero NAP)

at selected Baltic tide gauge stations

Number of storm surges (maximum surge > 70 cm above zero
NAP) on the coasts of the Baltic Sea 1962 - 2010
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Tomasz Wolski et al., 2014. Extreme sea levels at selected
stations on the Baltic Sea coast. OCEANOLOGIA 56(2):259-
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Extreme sea levels

* Basin-wide, [in the future] there are no statistically
significant, long-term changes in extreme sea levels
relative to the mean sea level of the Baltic Sea [expected]

(low confidence) (Meier et al. 2022), however. . . 10"
* Some studies show that locally, extreme water levels are b)
increasing (probably due to small changes in wind S
direction and perhaps changing sea ice conditions) . .. § 10° : :
e ...and maybe occurring more frequently. B : :
* There are examples of extreme sea-levels which are g 107} 4
statistically ‘almost impossible’ outliers. ° E
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Water level, cm

Water levels near Tallinn. Red: total, blue: Baltic Sea water
volume, green: storm surge (Soomere, Eelsalu, Kurkin and
Rybin, 2015)



Extreme sea levels

Basin-wide, [in the future] there are no statistically
significant, long-term changes in extreme sea levels
relative to the mean sea level of the Baltic Sea [expected]
(low confidence) (Meier et al. 2022), however . ..

Some studies show that locally, extreme water levels are
increasing (probably due to small changes in wind
direction and perhaps changing sea ice conditions) . . .

... and maybe occurring more frequently.

There are examples of extreme sea-levels which are
statistically ‘almost impossible’ outliers.

Under such conditions, the geomorphic effects of storms
are massively amplified.

Extreme water levels can be maintained for long periods
(no tides).

The geomorphic effects during such periods are most
affected by wind speed and DIRECTION.

Rates of coastal processes (including erosion) are at their
highest when water levels are very high.

Parnu, Estonia, on 9 Jan. 2005 (J. Ramez)

Sea level extremes result from Baltic Sea preconditioning and more local effects (e.g. surge). Some drivers (e.g. wave

setup and wave runup) are frequently overlooked.




Geomorphic work is concentrated on a very
few days of the year

Geomorphic work is concentrated on a very few
high water level, stormy days, therefore angle of
wave attack during those times in important. In
Estonia, about 60 % of the energy flux arrives
within 20 days and as much as ~30% of the
energy flux arrives during the 3—4 most stormy
days (Soomere and Eelsalu, 2014).

Cumulative wave energy flux, %

0 50 100 150 200 250 300 350
Days

Soomere and Eelsalu (2014)



A very brief and much simplified ‘textbook’
course in coastal processes

MORPHODYNAMICS

l Feedback |

Waves Fluid motions Morphology Beaches

. g ]

Sediment Transport




Wave refraction

*  Where the lorocess starts depends on water depth. Long period (swell) generally waves approach the coast
shore parallel

*  With short period waves (waves in the process of generation such as normal in the Baltic) the process starts
later, and waves get to shallow water where sediment can be entrained, still at a high angle to the shore.

* The nearshore angle of approach is a major influence on sediment transport and other important variables.
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Beach processes: The classic concept of beach ‘cut and fill’

- Erosion

—Berm




Because most waves are of short period (3-6 sec),
wind direction is of very high importance

Closure depths (the offshore extent of the active beach) are small
(~3-7m).

Wave refraction is delayed. Waves approach the coast at high angle
and alongshore sediment transport is high.

Many coastal segments are likely to be only sensitive to a small range

A 4

of wind/wave directions. e.g. wave setup
Coastal change is therefore highly variable both in space and time.

Disruption to alongshore sediment transport can cause very
significant problems.
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Soomere, Pindsoo, Bishop, Kdard and Valdmann (2013)

» The effects of storms in the Baltic Sea are much more variable than on more open “textbook” coastlines.

» Classic concepts of beach profile ‘cut and fill’ are less relevant.




Because most waves are of short period (3-6 sec),
wind direction is of very high importance

/ —,-Q ¢ z(‘;—‘\_\ <

2005
* Minor changes in wind/wave direction can lead to vastly

different geomorphic outcomes 2000

* Wind and wave characteristics ARE changing, the =
implications are significant > 1990
199 =y
3 1980 L — .

1975
1970
1965
1960 s - = * :

1965

NE S SW W NW

Directions

Changes in the wave approach direction in the eastern
Gulf of Finland in 1954-2007 (Soomere et al., 2010)



. Z
Sediment transport (Gulf &
of Riga and south)
* Due to high wave approach angles z |
maintained through the surf zone, 5
large alongshore sediment transport
volumes are possible (even at the
world scale).
* Small changes in wave angle of ;
approach has a very significant impact
on the results.
: r‘erkm
=z
03- ® convergence point
@® divergence point

Modelled potential sediment transport (in 1000m3/yr)
(Viska and Soomere, 2013), using CERC formula which is
highly dependent on wave angle of approach at breaker line.



Sediment transport (north
of the Gulf of Riga)

Limited sediment movement between
sediment compartments.

Small changes in wave angle of
approach has very significant local
impact.

Beaches can remain stable for long
periods (even under high water level
and high wave conditions), until a
storm from an unusual direction
causes massive change.

24°E 28°E

Riga
LATVIA

0 40 80km
20 |




Coastal erosion and sedimentation

* Processes relevant to erosion and accretion in the Baltic Sea are
largely different to processes on ‘textbook’ ocean shores.

* Lack of tides — extreme water levels are maintained.

* Waves are short period, refraction is limited, and waves
approach the coast at a high angle. This implies high
alongshore sediment transport and high sensitivity to wave
direction (particularly when the angle is unusual).

e Classic cut-and-fill cycles do not operate.

» Effects are amplified by the systematic synchronisation of high
water levels and intense waves.

* For small (pocket) beaches, orientation in relation to waves is
most important and therefore there is a lot of spatial variability.

* Beaches can remain stable for long periods (even under high
water level and high wave conditions), until a storm from an
unusual direction causes massive change.
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Stability data is based on satellite image
analysis and field measurements.
Arrows show sand transport direction



Baltic Sea coasts operate differently to
‘textbook’ coasts

* Almost no tides => elevated water levels can remain for long periods of time.

* Waves are directly influenced by local winds => wind direction during a storm coinciding with extreme water
level can massively amplify effects.

* There are some already observable long-term changes in process drivers such as:
* water level extremes are increasing
* wind direction changes, such as increased frequency of westerly winds
* less seaice and coastal ice
=> significant impact on coastal morphology likely.
» Classic concepts of beach change do not work => we must modify our thinking for effective management.

* Maintaining alongshore sediment transport is particularly important => do not interrupt transport without
understanding the consequences.



4 Classic beach theory (expected)

i * Storm waves (NW) deposit sand in

SV relatively deep water.

SRS« Small frequent waves (SW) cannot

: mobilise the sand to bring it back to
the upper beach, and there is a
sediment deficit for transport back to
the north.

* Sediment moves north to south.

* Erosion in the north, net loss of beach.

Eelsalu, Parnell and Soomere (2022),
Geomorphology, 108383




M8 Classic beach theory (expected)
9. « Storm waves (NW) deposit sand in Pirita, Estonia
) relatively deep water.
Small frequent waves (SW) cannot
mobilise the sand to bring it back to
the upper beach, and there is a
sediment deficit for transport back to
the north.
Sediment moves north to south. )
Storms deposit

Erosion in the north, net loss of beach. sand i

shallower (with
respect to MSL)
water due to the
When storms coincide with extreme elevated water |

water levels (actual) :oevel. zglpd (;:abn
€ monDpllise Yy

* Storm waves (NW) deposit sand in Tow S
relatively shallow water (~-0.5m MSL). .
Small frequent waves (SW) CAN '
" ,
N

remobilise the sand to bring it back to

the upper beach, due to the water

depth being average or below average.

Sediment moves both north and

south. [
e The beach is stable. |

Eelsalu, Parnell and Soomere (2022),
Geomorphology, 108383




Conclusions

* Not all changes are climate-change induced.

* We must think beyond sea-level rise as the main climate-change
related driver of coastal processes and coastal change.

* We can not rely on ‘textbook’ explanations linking coastal processes
and coastal landforms. Semi-enclosed seas are different.

* Wind and wave characteristics (energy and DIRECTION) are
particularly important.

* Understanding climate change effects on coastal compartment
sediment budgets is probably the most useful thing we can do.



Synthesising our knowledge about
functioning of the Baltic Sea fooao
web

Anda IKAUNIECE, Astra LABUCE, lveta JURGENSONE LATVIJA

Latvian Institute of Aquatic Ecology ~ [EERQ i

SCIENCE FORUM, NOV 30 — DEC 01, 2022 HELSINKI, FINLAND




FO0d WeDS

Seals, birds, humans

L arge fish

Small fish

Something invisible
o0

?Mgbplankrbn



http://www.coolaustralia.org

Baltic Sea food webs

CLASSICAL
FOOD WEB
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High share of small size plants and animals
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. Gulf of Riga

Average depth 26 m, deepest spot 62 m
Freshwater-impacted ecosystem
Strongly stratified from May to October

Research on the “invisible” part of the food
web

0 10 20 40 km
[T Sy |

Gulf of
Riga
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. Other habitats

What's next?
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. Gulf of FiInland

© SEPPO KERANEN

. 2 X larger area than Gulf of Riga

. 2 X maximum depth




How Is life for top predators?

) N

Seals, birds, humans
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Small fish 50 000
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Quality of herring

Herring weight and body length

—  Estimate
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Herring weight (g)
Kauhala et al., 2019, 2020



Body length relation to winter temperature

Body length (cm)

Prospering In colder winters
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Next steps?

CLIMATE CHANGE

. Seals + herring







HARMFUL SUBSTANCES IN THE
GULF OF FINLAND

Researcher Ville Junttila

Finnish environment institute Syke

SY KE
ville.junttila@syke.fi



SOURCES OF HARMFUL SUBSTANCES
TO THE GULF OF FINLAND




SEDIMENT CORES — NATURAL ARCHIEVES OF POLLUTANT
CONCENTRATIONS
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HAS DECLINED
(Vallius 2014)

Results from the

POLLUTION TSN '} N N8
7

eastern Gulf of Finland
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HEAVY METAL
POLLUTION
HAS DECLINED = — — = = =
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PCDD/Fs & PCBS - ALSO DECLINING

Number of H. albicilla
nestlings and territories
1960 — 2016 in Finnish
Archipelago

Concentration of
PCDD/Fs and PCBs in
sediment cores
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ANTIFOULING AGENTS HAVE ALSO DECLINED

(BUT STILL REMAIN)
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PFAS

CONCENTRATIONS -z
ARE RISING

(Junttila et al. unpub)
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RISK ASSESSMENT

ONE COMPOUND + ONE THRESHOLD =

THOUSANDS OF COMPOUNDS + LACK OF THRESHOLDS =

SY KE
ville.junttila@syke.fi



VARIETY OF HARMFUL SUBSTANCES
IN WHITE-TAILED SEA EAGLE LIVERS
(Badry et al. 2022)
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THANK YOU!

Ville Junttila
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SCIENCE DAYS FOR THE GULF OF FINLAND
AND THE EASTERN BALTIC SEA

Science forum: “Science shakes a hand with
coastal life and citizens”

Venue: Helsinki City Hall; November 30, 2022

Biological invasions
in the Baltic Sea: myths and reality

Sergej Olenin

Marine Research Institute, Klaipéda University
Lithuania
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Marine Research
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40 years ago:

the beginning of invasion biology in the Baltic Sea

e leppakoski, 1984: the first basin-wide
ap|oroach to invasion biology in the
Baltic Sea;

* 35 non-indigenous species (NIS)
reviewed;

* The process of “immigration with
man’s aid”, characterized as

* an undesirable contamination of the
Baltic Sea biota by alien elements,

* an artificial, anthropogenic increase in of
species diversity,

e an ongoing recovery from the heavy
reduction in the number of species
caused by the last glaciation and
subsequent developmental phases of the
Baltic Sea.

OPHELIA, Suppl. 3: 123-135 (December 1984)

INTRODUCED SPECIES IN THE BALTIC SEA
AND ITS COASTAL ECOSYSTEMS

ERKKi LEPPAKOSKI
Department of Biology and Huso Biological Station, Abo Akademi, SF-20500 Aby, Finland

ABSTRACT

More thun 30 species of anthropochorous immigrants have been reported from che Balvic Sea jeast
of the Arkona Basin, approx. 13°E). About one third of them criginate from North America. Intro-
duced species are mainly restricted to the freshened bays and river mouths of the Southern Baltic
region. Most of them belong to the littoral or shaltow sublittoral subsystems.

Examples of modes of dispersal and some food chains based on introduced species are given,
Some relationships between exotic and native species are discussed, There are a few harmful specics
among these invaders.

{mmigration with man’s aid is still occurring, This process can be characrerized as (a) an un-
desirable contamination of the Baltic Sea biuta by alien elements, (b) an aruficial, anthropogenic
increase of species diversity, and (¢) an ongoing recovery from the heavy reduction in the number
of species cansed by the last glaciation and che subsequent developmental phases of the Balric Sea.



How many alien species in the Baltic today?

e 220 species in total
* 66 arrived to the Baltic since the beginning of the XXI century
* 3 new species per year

native origin
taxonomy .

Taxonomy, native origin, biological
traits, etc.

Recipient regions, pathways,

vectors, traits of recipient habitat,

statuses, dates, etc.

h.l

ANANY

SYSTEM

Flexible multi-criteria search
engine, data processing for further
analysis.

most
widespread
species
new arrivals

services

Geographical information
arrangement for Species and
Introduction events.

Regionally harmonized early
warning system concept

Tools for easier data overview.
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Copyright: Sergej Olenin. Codium fragile fragile.

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.It>

AquaNIS — started as
the world's first
regional database
(1997),

the Baltic Alien
Species Database,
now the global
aquatic NIS
information system.

~2,000 species

~5,500 introduction
event records

Data from 27 Large
Marine Ecosystems

http://aquanis.ku.lt
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Fundamental and applied aspects

.| of modern Invasion Biology

Invasion biology

a rapidly growing interdisciplinary field of science

Fundamental aspects:

Biogeography
— Non-indigenous species inventories,
invasion history, patterns of invasions,
pathways and vectors of introductions
Molecular ecology

— Origin of invasive species and pathways,
hybridisation process, implications for
micro- and macroevolution

Ecophysiology
— Physiological tolerance, life strategies,
reproduction modes
Functional ecology

— Benthic-pelagic interaction,
trophodynamic of invaded ecosystems,
habitat changes

(Olenin et al. 2017. In: Biological oceanography of the Baltic Sea)

Applied aspects:

Ecological economics

— Estimation of costs related to bioinvasions
Technical/technological aspects

— Ship ballast water management options
Environmental Law

— Development of administrative rules and
legislative acts aimed on bioinvasions

Information Technology

— Databases, decision support systems, risk
assessment models

Conservation biology
— Pest management, restoration
Environmental quality assessments

— Bioinvasion indicators, bio-pollution
indexes

Biological —
Invasiens. -

.

Sebiianian
— T e . . b B b et Ve @ b

Springer Science+Business Media, B.V.

Klaipeda
University
Marine Research
Institute




Why study biological invasions?

Health ]_\ Undesirable,
: i . h
/_[ Economy | Impacts of invasive . :ﬂﬂ:ﬁ S::a:if::s adverse

F

alien species J. Toxic compounds

Poisoning organisms | m pa cts Of IAS

* Venomous organisms

\- Sharp shells and structures/ = biOpO"Ution

[ Social-cultural aspects } (Elliott, 2003; Olenin et al 2007, 2010; Olenin &
( \

isheries
* Aquaculture
* Navigation
* lrrigation and
abstraction
* Tourism <
* Health care costs

Minchin, in press)

Recreational activities

* Biotechnology

e Spiritual involvement e
General Bl recaeil F?ur principal ty;?es and
management costs T S Y different categories of

{ Opportunity costs /
(.

environmentalmonitoring/ bioinvasion impact of
aquatic invasive alien
) species.

[ Environment ]

Native species pathogens ¢ Keystone species * Nutrient regime alteration
* Native species parasites * Toxicity on native species * Hydrological cycle changes
* Pest vector e Predation * Food web changes (Katsanevakis et al., 2016; Olenin et al., 2017;
+ Habitat alteration, 3 Herbivory/grazing & Biodiversity alteration Srébz.:lliené e'zt aI.., 2919; Tsirintanis et al., 2022;
- - % 3 Olenin & Minchin, in press)
fragmentation and loss * Competition * Red List species
* Native species abundance ¢ Hybridization * Ecosystemservice alteration T Klaipeda
K / University

Marine Research
Institute

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.It> ﬂ




Who's “alien” and who’s not?

.

"native"

o

not
spreading”

/
g “not

~ influencing"

“harmless”

(lgoodll

The “native-versus-alien species"
dichotomy remains the main guiding
principle in the field of environmental

restoration and management
(Bonanno, 2016. Env. Science & Policy)

Uncertainty in marine

invasion science:

1. alien status

2. alien species
inventories

. pathway assessment

4. impact and risk

assessments
5. field surveys
6. distribution modeling

w

(Katsanevakis, Moustakas, 2018. Frontiers

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.It> Mar. Sc.)




4 Dogmas of invasion biology

* “Biological invasions are the second
most important threat to
biodiversity worldwide (after

Don’t judge species
on their origins

Conservationists should assess organisms on
environmental impact rather than on whether they are

natives, argue Mark Davis and 18 other ecologists.
(NATURE | VOL 474 | 9 JUNE 2011)

! habitat destruction)”
=
= o)

“Biological invasions are the

Conservation Biology %

The Potential Conservation Value of Non-Native Species

MARTIN A. SCHLAEPFER, DOV F. SAX, JULIAN D. OLDEN

- leading cause of marine species

First published: 22 February 2011 1 ur pustestin sty

* “Biological invasions lead to loss of

DOk 10.11194.1523-1729.2010.01648 x  viewssawr: chtasian

Cited by (CrossRef): 208 articles €2 reo b onan £ Caton ks v

marine biodiversity”

e & Polivy 54 (2010) 67 75

Cantente lists availzbla at Sciencelirect

» “Alien species cannot become part
of the accepted native biota”

Environmental Science & Policy

journal haomepaga: www.elaevier.cam/|locate/snvaci

(e.g. Wilson 1992; Perrings et al 2005; Schaffelke et al 2006; Zhu & Wang 2008;
Molnar et al 2008; Felline et al; 2014, Assis et al 2015; Giakoumi et al 2016 ;
Schmiedel et al 2016; Ricciardi et al 2017...) 1 reality © 2

Alien species: to remove or not to remove? That is the question @F .
CrossMark
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R

Genus
Species

Origin

Neogobius
melanostomus

Ponto-Caspianregion,
incl. Black Sea

Genus  Platichthys
Species flesus

Origin  European coastal
waters, incl. Black Sea

colonisation

Time of residency

The extent of evolutionary and ecological interactions with othe

“Alien species cannot become part of the
accepted native biota ”

(e.g. Sala et al 2000; IUCN Red List 2015; Pauchard et al 2018; ...)

Possible criteria of “acceptance”

» Population status
(self-reproducing, ceased expansion)

* Environmental impact
» Position in the food web

burden)
* Anthropocentric

provider; an exploitable resource?)

(predictable, both negative and positive)

(stable; not a ‘dead-end’; not simplifying FW; native parasite

(humans adopted to negative impacts, if any; ecosystem service

naturalisation - indigenisation

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.o|enin@%u.lt>

r long-term residents (sensu: Davis,

Native

Klaipeda
University
Marine Researc®
Institute



| - “Biological invasions lead to loss
of [marine] biodiversity”

.Levels of marine
blodlver5|ty:

—* Genetic

1* Species
* Functional
* Phyletic
* Habitat
* Ecosystem

(Gray 1997. Marine biodiversity:
patterns, threats and conservation
needs. Biodiversity and Conservation, 6.)

%

=

==

Task 1:
Detect

What is the
magnitude?

Low - Extreme

Sporadic, short-

term, long-term,

irreversible...

=S <

)

Task 2:
Estimate

What is the cost?

* Ecosystem
services (loss or

gain)

* Monetary value?

SI==SS o =3z

%\\\f\

2
Task3: \7
Judge \/
What is the
| ‘moral’ value?
* Desirable o
* Neutral
e Undesirable / (
Adverse
4
o

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.lt>
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Consequences of a biological |nva5|on?

Difficult to predict!

oo NewSuentlst

News Technology Space Physics Health Environment Mind Video To

Al detective analyses police data to
learn how to crack cases

A system called VALCRI should do the laborious parts of a crime analyst's job in
seconds, while also SJggebfng new lines of enquiry and possible motives

OOV’@O

TECHNOLOGY 10\

DN NI NI NI N N NN

Life form, e.g. planktonic larval stage

Feeding method, Mobility

Toxicity, Bioaccumulation potential

Habitat modifying ability

Environmental requirements

Invasion history (incl. closely related species)

An invaded range

Environmental conditions and availability of resources in invaded
ecosystem

\

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.lt> ﬂ Marine Recostd
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Ecological and economic consequences of the comb jelly
l\/lllvem/opSIS leidyi invasion in the Black, Caspian Seas...and the
Baltic

LIMNOLOGY AND
OCEANOGRAPHY

Article

@ Free Access

The invasive ctenophore Mnemiopsis leidyi poses no direct threat
to Baltic cod eggs and larva

Cornelia Jaspers B4 Josefin Titelman, Lars Johan Hansson, Matilda Haraldsson, Christine Rellike Ditlefsen

PLOS ONE

@ OPENACCESS [B PEER-REVIEWED

RESEARCH ARTICLE

Salinity Gradient of the Baltic Sea Limits the Reproduction
and Population Expansion of the Newly Invaded Comb Jelly
Mnemiopsis leidyi

Cornelia Jaspers [@], Lene Friis Mesller, Thomas Kierboe

‘dead end’ Published: August 26, 2011 « htips-/doi.org/10.1371/journal. pone.0024065

Invasive comb-jelly Mnemiopsis leidyi Biol Invasions (2012) 14:341-354
. . DOI 10.1007/s10530-01 1-0066-z
drastically changing the Black Sea food we
sharp declines in zooplankton and fish
larvae abundance and in landings of
anchovies and other pelagic fish.

ORIGINAL PAPER

Spreading and physico-biological reproduction limitations
of the invasive American comb jelly Mnemiopsis leidyi

$ 200 min: economic losses to the Turkish fishin jn the Baltic Sea

business alone in 1989 due to a sharp decline it

catches of anchovy (kilka) Maiju Lehtiniemi + Andreas Lehmann -
Jamileh Javidpour - Kai Myrberg

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.ole




If an invasive species is already here?
Be pragmatic!
e Y . PR i

. ¢ .*1

- »
“ O*y-. 1
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o ‘:;'

L8 PR

The round goby Neogobius melanostomus

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.It>




1

The cascading effect of the round goby invasion

Before round goby expansion After round goby expansion
\\“‘ja ﬁ\ﬂ:{? \*‘Cf T
TL=4.3
w, i Phﬂi&azmas
: TL=3.1 .

 Devastation of mussel beds.

* Change in blue mussel size
structure.

* The long-tailed duck diet: shift from
blue mussels to fishes

* Decline in feeding efficiency

* Decline in the wintering population
of the long-tailed duck .

(Ska e (.I‘gl g{GS/rnaﬁTéBﬁtzc ea rT\yShélg)gs ahty © 2022 <sergej. olemn@ku It> @ (’:‘f:‘['iit':'[’eR‘*’mﬂ‘ﬂ-(‘g'




|
- The round goby fest in Palanga, Lithuania
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The monument to Elrz;]il\i/)gr%?ty
“The Round Goby - the Breadwinner” e Rt
Sea: myths and reality ( in Berdiansk, Ukraine. Institute




| . : :
Towards a pragmatic, innovative and open-minded

Invasion Biology

* Precautionary approach to prevent all new
introductions because of their unpredictable
consequences.

* Al aided biosecurity risk assessment.

i T

e Ecosystem services damaged and provided by IAS
(the impacts may be negative, neutral or
positive).

Naturalization continuum instead of "the native-
vs-alien species” dichotomy in management. Thank you for

The use of established alien species as a measure, Yyour attention!

of their control (the round goby example) Klaipeda

University
Marine Reseadd®

Institute

Biological invasions in the Baltic Sea: myths and reality © 2022 <sergej.olenin@ku.lt>
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Topography = forms and features of land sur

e N

Hydrography = physical properties water

Laws of thermophysiess — ™ - \
Solar energy, earth,mtajcioMinds, waves, streams

—
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Aspects:

B Chemistry s o e e e —— -

ﬁ'teﬁﬂé'ﬁf’matter compounds and energy Thsal
ecosystems ‘;‘

Biogeochemical processes:flow of carbon, phosp 0
nitrogen and wat'e'r'betwesnﬁvmg organisms and the

environment. \ S—

-



. Aspects:
Physics
Chemistry

~ Biology & ecology

Plants and animals
=== Structure and functioning of the food web

Bacteria - lower and.upper ‘\hlu.euelf top pre
-
\ —

m




Commercial fisheries

- Ceastal tourism (blue tou.[Js,Q
Energy production, off-shegg wirnd=="

— T




== Aspects: e e —— 4

" Chemistry S — S e . — =
= Biology & ecology s == —— e

s Money & work ;
 Assets, property, homes §;

—~——

Houses and other infrastructure by thesea-(-ec‘)nectedness to

Qe sea) = e : S
... and even broader: hsag hvl‘n'gﬁwronment, commun

—



- Aspects:

- Physics
Chemistry

Biology & ecology

Money & work

Assets, property,
homes

Emotions & inspiration

«De&sen—a:Lexperlences -> part of our identit
Other peoples’ emotlons
B> art, literature,

-> our shm?ult@pmpeﬂand sha
\ —



Mikalojus Konstantinas Thomas Mann Tove Jansson

Ciurlionis 1929 Nobel Prize in Literature laureate,  Artist, the creator of Moomins,
Lithuanian painter, composer and writer stayed and wrote in the Neringa stayed much of her time in Porvoo
spent summers in Palanga peninsula, in Nida archipelago

B w Ry g
et ) .s- -t & I3 r—
8 ’;-‘f- o i\‘!.‘ .,
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- Aspects:
Physics
8 Chemistry
" Biology & ecology
. Money & work
-~ Assets, property,
| homes

Emotions &
inspiration
| Freetime, travel Recreation, adventure

© .Sailing, recreationakfishing, beach recreatlw

JE—




- Aspects:
Physics
Chemistry
Biology & ecology
. Money & work
= Assets, property,
| homes
Emotions &
inspiration
Freetime, travel | Health impacts: quality of seafood, mEFUpIastlcs

" Health ~ "hazardous substances., \
Mental capacity: ourilagnﬂ'éﬁ{perceptl

on develops,

creativity improves, greater mental sharpness
S —

-




Aspects:

Physics
% Chemistry
% Biology & ecology
- Money & work

| Emotions & inspiration
Freetime, travel

e = ~

Health ~===pgrsonal values connected to righteotisai
' Sacred relationship and existence values o
"% Strong and weak sustainability (natural vs. man-made capital)
Binary choice that cahiorﬁ'e‘ﬂ'(es be interpreted as minimum
ecological c‘(')ﬁdiﬁen;{hat must be secured (at any cost)

-




How important is the sea?

Aspects: Supporting and regulating grogeochemical cycje iy and climate regujag;

Physics ecosystem services

Chemistry - - _ st Iy Erergy
Biology & ecology Life-supporting services SN scenean o

Money & work
Assets, property, homes

-
L[\ ’ r

Enable all provisioning and Legacy of .
. /ﬁ' g 1%' the sea Inspiration “*
cultural ecosystem services ffj??/f .

" Sediment
retention

Emotions & inspiration

s =
Freetime, travel Importance? Value? & o
0.9

Health

Chemical \
Sacred Ecosystems critical at }%ﬁ, o a ’,\ @f:;
regional or global scale-> e g 55N . Sl
sustained functioning of e M
ecosystems must be s w }}mﬁ MA;' 5{?@, o
maintained S > o T T

Primary production

environmental toxins

Source: BalticStern



How important is the sea?

Aspects:

Provisioning ecosystem services

Physics

Chemistry Products and services exhanged in markets

Biology & ecology -> directly measurable in economic metrics

Money & work

Assets property homes ° Blue economy = sustainable use of
V4 V4
ocean resources for economic growth,

improved livelihoods, and jobs while
preserving the health of ocean
ecosystem

* Metrics such as turnover and value
added are available to assess the
contribution of blue economy sectors on
national economy and welfare

Emotions & inspiration
Freetime, travel

Health
Sacred

’ 'h!! :
A ! z g
3 = =

e

3

i : :
;ource: travel trianng ‘i



Marine Traffic
Passanger and freight

Enabler of global trade - large
majority of goods transported via
seas

Friendlier for environment than
many other forms of transport
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How important is the sea?

Aspects:

Assets, property, homes

The proximity, views to the sea and environmental
state of the adjacent agquatic ecosystems increase
the values of properties

Hedonic pricing: a method to estimate economic
values for ecosystem or environmental services that
directly affect market prices (e.g. Artell, 2013)



How important is the sea?

Aspects:

Freetime, travel
Emotions & inspiration
Health

Cultural ecosystem services:

Not (or only partly) exchanged in markets

Non-market valuation

Methods to indirectly assess the value of ecosystem services
Thinking behind: people value aspects of the environment, in the
sense that they would be willing to give up something else of value
to continue to enjoy them, or to ensure they are available for future
generations.

Contingent valuation & choice experiments (e.g. Ahtiainen et al. ,
2015)

eliciting benefit/damage estimates for changed environment
Willingness to pay for improvements (eg. additional taxes)

Change in environmental state

Improves -> increase in human welfare
Decreases -> reduction in human welfare -> cost of degration



Attempt at valuing ecosystem services —why?

1 Marginal value - not total
value

Health care

Security, defense

2 Public decision making
(resource allocation)

Education

Social security

3 Design of environmental

policies
(focus of efforts - actors, areas and
environmental problems) Other ...

Environmental protection




Ssummary

The sea and coastal areas — multiple aspects and values

Some of the benefits are measurable in economic metrics,
others not

Value considerations important for societal decision making:

1. Understanding the multiple benefits of environmental
protection (or the damages caused by environmental
degradation)

-> proper weight in resourcing nature protection

2. ldentify areas of conficting values
-> processes seeking consensus & compromise

-> enhancing social cohesion




References

Ahtiainen, 2015 Benefits of meeting nutrient reduction targets for the Baltic Sea—a contingent valuation study
in the nine coastal states. Journal of Environmental Economics and Policy

Artell, 2013 Lots of value? A spatial hedonic approach to water quality valuation Journal of Environmental
Planning and Management
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Latvija-Lietuva

European Regional Development Fund

Active pharmaceutical ingredients in environment — from data gaps
to educational campaign (case study of Latvia and Lithuania)

leva Putna-Nimane!, Sergej Suzdalev?, LI%&FFEIW@
! Latvian Institute of Aquatic Ecology =
" 2Marine Research Institute, Klalpeda Uﬁfverw
3 Kurzeme Planning Reglon ;
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Latvija-Lietuva

European Regional Development Fund
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» Why Active Pharmaceutical Ingredients (API) ?

- Designed to be biologically active human body -and also
animals- for treatment purposes

- Potentially harmful when they enter the environment

- (Some) are shown to have adverse effects on e.g. crustaceans,
fish, mammals

» Should work together In strategic way in order to reduce
amounts In environment

# Nature

Needs
] No Pill

@éﬁsco,v"\'o
5 Klaipeda g 3
P University % g

“ D0

Zalu valsts agentara
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Latvija-Lietuva

European Regional Development Fund

5 year ago...

EMERGING POLLUTANTS
IN WATER SERIES

The Status report on pharmaceuticals in
the Baltic Sea region (PDF) was
published by UNESCO and HELCOM in
2017.
The report was developed jointly by the
Baltic Marine Environment Protection

y — I aticals Commission (Helsinki Commission,
& in the TqUane HELCOM) and Policy Area Hazards of

srvitonmcTiné f the European Union Strategy for the
the Baltic Sea region : Baltic Sea Region (EUSBSR)

A status report
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https://helcom.fi/wp-content/uploads/2019/08/BSEP149.pdf

<

= 1l IEE[.leg é MEDqutr
Latvija-Lietuva { 4

European Regional Development Fund

Table 1. Anoverview of data provided in response to a HELCOM questionnaire on occurrence,
sources and pathways of pharmaceuticals in the Baltic Sea region.
Source: Original data.

Country Production & waste Sales, Consumption Monitoring data In to tal 47’ 62 1 data p0|n tS
OMEON o anagement | ey | W Sludge R JS8, sedmens B9 from the period 2003-2014

Denmark were included in the data set

—_— on sources and pathways of

— phar_mac_;euticals (i.e.

monitoring of wastewater

cemany influent and effluents, sludge

Poland and river water).

Russia

Sweden

Only nine out of 118 assessed pharmaceuticals were removed from wastewater during the
treatment processes with an efficiency over 95%, and nearly half of the compounds were
removed with an efficiency of less than 50%. Sixteen compounds were found in higher # Nature

concentrations in effluents from MWWTP than in influents. '?I\J%egﬁ
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P University
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Latvija-Lietuva

European Regional Development Fund

» Inetrreg SBR MORPHEUS » Interreg BSR CWPharma
- Duration: 2017 — 2019 - Duration 2017 — 2020
- 7 partners in 4 countries - 15 partners in 7 countries
- 4 WWTP and receiving waterbodies in - 3WWTP and receiving
Lithuania investigated waterbodies in Latvia investigated

Give feedback Sitemap

European

Regional "_ [ ] ‘

MORPHEUS ooy

g' Model Areas for R i (g, ¥ | Development h R o -
m of Pharimaceutical SUbstaices | Interreg . v y CWPharma ciesr warers FROM PHARMACEUTICALS
in the South Baltic \f{ng\{“?/ | south Baltic EUROPEAN UNION e 4
About Topics Partnership Downloads News Events Don't Flush! Contact Final Conference Q

m About News and events Work packages Partners Facts Publications Contact us

e e
Interreg . : .))))

Baltic Sea Region AL
p P

d

2

EUROPEAN UNION

EUROPEAN
REGIONAL

DEVELOPMENT -
FUND

CWPharma

Residues of active phari ingredients cor the water and marine life of
the Baltic Sea. In CWPharma, partners from seven countries work on tools and

recommendations for policy makers, authorities and municipalities to reduce these G E T T 0 K N O W
harmful emissions. 0 U R pARTN E RS

NEWS, PRESS RELEASES AND EVENTS

se-de- pl- It

CWPharma Final Seminar presentations now available 202

H 1 H The CWPharma project’s final seminar on the 18th of November 2020 attracted 131
MOdel Areos for RemOVO| Of PhormoceUhCO| SUbeonceS In The SOUTh BOHIC attendees from over 15 countries. The seminar presentations are now available. Work package (WP2)
Read more © Emissions, levels and risks
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Latvija-Lietuva
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EUROPEAN UNION

@ MEDWewaZer
( 4

EUROPEAN
COMMISSION

Brussels, 11.3.2019
COM(2019) 128 final

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL AND THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE

European Union Strategic Approach to Pharmaceuticals in the Environment

Proposed EU actions/strategic approach

. monitoring/assessment of existing WWTPs and
investigate the feasibility for upgrading selected, use

EU programmes to invest in technologies to
improve the efficiency of removal of
pharmaceuticals ...

expand environmental monitoring (select

potentially relevant pharmaceuticals-EC Watch List,
research on monitoring individual substances and
mixtures of substances in fresh and marine waters

In 2019 European Commission published communication

Pharmaceuticals mainly reach the environment through:

.... the discharge of effluent from urban waste water
(sewage) treatment plants — containing excreted

pharmaceuticals as well as unused pharmaceuticals
thrown away into sinks and toilets, despite the existence
of collection schemes..
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Latvija-Lietuva

European Regional Development Fund

» What Next?
» We have recommendations...

» We have good examples...

» We also have specific needs identified (important!)
» Specific partnership; Education; Reminders

» Need to act in local level with specific needs!
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European Regional Development Fund

“Pharmaceuticals In wastewaters — levels, impacts and reduction”

MEDWwater
(LLI-527) 2021 — 2022 (waiting for extension)

Decrease the emissions and adverse effects of Active Pharmaceutical Ingredients in the

Latvia and Lithuania
Suggest practical ways to decrease the emissions

Knowledge transfer
PP:
Latvian Institute of Aquatic Ecology
Kurzeme Planning region
Latvian Environment, Geology and Meteorology Centre

Klaipeda University
State Agency of Medicines of Latvia
State Medicines Control Agency under the Ministry of Health of Republic of Lithuania

Advisory Board (Provide Letter of Support during project preparation pgQgess

Needs
No Pill

S
$ ()
3

M
c_x& ED,

AAAAAAAA KURZEMES s :
@®. HIDROEKOLO GIIAS PLANOSANAS LATVIAS VIDES, GEOLOGIAS ERE Kla_lped_a
INSTITOTS REGIONS UN METEOROLOGIJAS CENTRS ¥ UanGrSlty

Zalu valsts agentara

,
()
Moy

J“



Ministry of Environment of the Republic of Lithuania

Environmental Protection Agency of Lithuania A I\/IEDqu?ﬁ}
Lithuanian Water Suppliers Association

Ministry of Environmental Protection and Regional

(4

Development of the Republic of Latvia [ = +
Zemgale Planning region \ o
i i \
Latgale Planning region \ /
Ltd. Daugavpils Udens (WWTP of A NEE ) \

: : N’ o B
City Daugavpils) /] |
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Latvija-Lietuva

European Regional Development Fund

Main Outputs

» Number of organizations supported by developing a priority list of WWTPs for
future upgrading depending on APIs pollution loads and contamination status of
receiving water bodies

» Number of organizations supported by developing a list of priority pharmaceuticals
for further monitoring in Programme area

» Number of organizations supported by the strategic recommendations for wastewater
treatment plants for safe removal of pharmaceuticals and list of pharmaceuticals to
be monitored
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D Interrey

Latvija-Lietuva

European Regional Development Fund

In project -> 5 work packages

» M - Management

» T 1 Implementation - Consumption and risks of active pharmaceutical substances in
Program area

» T 2 Implementation - Pharmaceuticals loads in WWTPs systems and relevant water
bodies

» T 3 Implementation - Strategic approaches to the reduction of APIs discharges from
WWTPs

» C — Communication*(WWTP -> high expenses; push on population)
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» Cooperation with Pharmaceutical Care Association of
Latvia, Pharmacist’ society of Latvia, Pharmacy
association, State Agency of Medicines of Latvia and
State Medicines Control Agency under the Ministry of

Health of Republic of Lithuania
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Latvija-Lietuva

European Regional Development Ful

Stickers for pharmacies

placed on the entrance door to the pharmacies that

» Inform on possibility to dispose the unused
medications

» planned number of Pharmacies - 200
» distributed — 750
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Latvija-Lietuva

European Regional Development Fund

Informative materials - flyers

10 000 flyers

~created for the general public to educate on eco toxicity of pharmaceuticals and what to
do with unnecessary medicine

»~spread among libraries, institutions, culture buildings and pharmacies and other places,
mainly owned by municipalities
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iterrey

Latvija-Lietuva

European Regional Development Fund

EUROPEAN UNION

Cooperation with Pharmacies

» In Lithuania all pharmacies have agreements with waste management companies for safe disposal
medicine (set by the law), so we could not realise idea about stickers

» Cooperation with Camelia's (newspaper's circulation is about 450 000 per month) and Eurovaistine's
(circulation 440 700). Also distributed through e-mails
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Y
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= Utsukdte bv'v"vkvl tobeliy Nenuleiskite voisty
dangteli | konolizocijo
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RQJ  voiaty kitlems

KADA VAISTAI
NETINKAMI VARTOTI #GamtaiVaistyNereikia
ro tinoma kaip juos :

ATNESKITE VAISTUS, NE
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European Regional Development Fund

»1st video and infographics focuses on eco-toxicity caused by pharmaceuticals
»2nd video and infographics calls to action — what to do with unnecessary

pharmaceuticals

» Distributed to owned channels (e-mails, web pages etc.), social media, sent to
national and regional media in both countries, sent to stakeholders, presented to

public in second public event # Nature
»2-3 minutes, LT and LV voice and subtitles  Nepi
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» @Kristine Garklava — 79818 views
> @ISpakuota — 21874 views

% Ispakuota - Sekot
21. Jonijs - Q

Vaistai vandenyje
Naktj Svieciancios Zuvys su trimis akimis - fantazija ar realybé?

Pabandykite atsakyti paziGréje nauj3 animacija kurta musy draugy is #MEDWwater projekto!

QO paziaréje prisiminkite:

PVaistus vartokite atsakingai ir saikingai;

PNemeskite pasibaigusio galiojimo vaisty | komunaliniy atlieky konteinerj, o nuneskite juos j artimiausia vaistir
PNenuleidinékite vaisty j klozeta.

Daugiau informacijos rasite masy ankstesniuose jrasuose ir Klaipédos universiteto tinklapyje:
http://apc.ku.lt/index.php/medwwater/
https://bitly/3q0HXNo

#GamtaiVaistyNereikia #MEDWwater Interreg Latvia - Lithuania Programme #DabaiTabletiNevajag
#Kurzemesregions Skatit mazak
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Latvija-Lietuva

Latvia
Press:

https://www.Ism.Iv/raksts/dzive--stils/vide-un-dzivnieki/petijums-zalu-paliekas-latvijas-un-lietuvas-notekudenos-daudzviet-ir-videi-bistama-
daudzuma.a456038/

https://www.apollo.lv/7519100/petnieki-bridina-par-zalu-aktivo-vielu-klatbutni-notekudenos-un-latvijas-udenstilpes

https://www.la.lv/petijums-zalu-aktivo-vielu-klatbutne-notekudenos-daudzviet-sasniedz-videi-nedrosu-koncentraciju

https://iwww.tvnet.lv/7519075/zalu-aktivo-vielu-klatbutne-notekudenos-daudzviet-sasniedz-videi-nedrosu-koncentraciju-liecina-petijums

https://farmacija-mic.lv/zalu-aktivas-vielas-notekudenos-daudzviet-sasniedz-videi-nedrosu-koncentraciju/

Radio:

https://Irl.Ism.Iv/Iv/Ir/arhivs/?adv=1&d=10&mM=5&y=2022&d2=&m2=&y2=&channel=1&keyword=p%C4%93cpusdiena

TV:

https://zinas.tv3.lv/latvija/petnieki-zalu-aktivo-vielu-klatbutne-notekudenos-un-udenstilpes-sasniedz-videi-nedrosu-koncentraciju/

Lithuania

TV stories

https://www.Irt. t/med|ateka/|rasas/2000221090/zinios—ek—teiks—rekomendaciia—del—ukrainos—siuIoma—nedelsiant—suteikti—europos—saiunqos—
kandidates-statusa [from 04:01 min
https://www.Irt.[t/mediateka/irasas/2000221029/tyrimas-apie-vandens-tarsa-farmacinemis-medziagomis-jame-issiskyre-vienas-lietuvos-miestas
h1lrl)%/2v%v§lw.tv3.It/nauuena/wdeo/alske|a koKIlus-valstus-zmones-lietuvoje-geria-dazniausial-viename-reqgione-antidepresantu-lyqis-10-kartu-didesnis-
n

https://Ink.It/zinios-1830/Visi/167149 [from 26:27 min]

Press

https://ve.lt/gyvenimas/vaistu-pedsakus-vandens-telkiniuose-tyre-klaipedos-mokslininkai-gamtai-vaistu-

nereikia?utm source=ve.lt&utm_medium=referer&utm_campaign=nblokas Kkarstos ]
https://www.I5min.lt/verslas/naujiena/mokslas-it/ku-mokslininkal-pagamine-vaistus-pagaminame-problema-1290-1694746 -
nttps://www.Irt.lt/naujienos/svelkata/682/1 /21636/mokslininkal-i1styre-nuotekas-25-farmaciniu-medziagu-koncentraclja-virsijo-pavojingas-normas

https://kaunas.kasvyksta.lt/2022/06/16/lietuvoje/nuotekose-ir-telkiniuose-kai-kuriu-vaistu-kiekiail-virsija-pavojingas-koncentracijas/ -
% i Sg%m.lrv as.[t/sveikata/medicinos-zinios/2022/06/16/news/nuotekose-ir-telkiniuose-kai-kuriu-vaistu-kiekiai-virsija-pavojingas-koncentracijas-
https:/lwww.delfi.lt/tvarilietuva/aplinka/naujausio-tyrimo-rezultatai-vercia-sunerimti-vandenyje-randami-vaistu-kiekiai-didziuliai.d2id=90513451



https://www.lsm.lv/raksts/dzive--stils/vide-un-dzivnieki/petijums-zalu-paliekas-latvijas-un-lietuvas-notekudenos-daudzviet-ir-videi-bistama-daudzuma.a456038/
https://www.apollo.lv/7519100/petnieki-bridina-par-zalu-aktivo-vielu-klatbutni-notekudenos-un-latvijas-udenstilpes
https://www.la.lv/petijums-zalu-aktivo-vielu-klatbutne-notekudenos-daudzviet-sasniedz-videi-nedrosu-koncentraciju
https://lr1.lsm.lv/lv/lr/arhivs/?adv=1&d=10&m=5&y=2022&d2=&m2=&y2=&channel=1&keyword=p%C4%93cpusdiena
https://zinas.tv3.lv/latvija/petnieki-zalu-aktivo-vielu-klatbutne-notekudenos-un-udenstilpes-sasniedz-videi-nedrosu-koncentraciju/
https://www.lrt.lt/mediateka/irasas/2000221090/zinios-ek-teiks-rekomendacija-del-ukrainos-siuloma-nedelsiant-suteikti-europos-sajungos-kandidates-statusa
https://www.lrt.lt/mediateka/irasas/2000221029/tyrimas-apie-vandens-tarsa-farmacinemis-medziagomis-jame-issiskyre-vienas-lietuvos-miestas
https://www.tv3.lt/naujiena/video/aiskeja-kokius-vaistus-zmones-lietuvoje-geria-dazniausiai-viename-regione-antidepresantu-lygis-10-kartu-didesnis-n1173272
https://lnk.lt/zinios-1830/Visi/167149
https://ve.lt/gyvenimas/vaistu-pedsakus-vandens-telkiniuose-tyre-klaipedos-mokslininkai-gamtai-vaistu-nereikia?utm_source=ve.lt&utm_medium=referer&utm_campaign=nblokas_karstos
https://www.15min.lt/verslas/naujiena/mokslas-it/ku-mokslininkai-pagamine-vaistus-pagaminame-problema-1290-1694746
https://www.lrt.lt/naujienos/sveikata/682/1721636/mokslininkai-istyre-nuotekas-25-farmaciniu-medziagu-koncentracija-virsijo-pavojingas-normas
https://kaunas.kasvyksta.lt/2022/06/16/lietuvoje/nuotekose-ir-telkiniuose-kai-kuriu-vaistu-kiekiai-virsija-pavojingas-koncentracijas/
https://www.lrytas.lt/sveikata/medicinos-zinios/2022/06/16/news/nuotekose-ir-telkiniuose-kai-kuriu-vaistu-kiekiai-virsija-pavojingas-koncentracijas-23696717
https://www.delfi.lt/tvarilietuva/aplinka/naujausio-tyrimo-rezultatai-vercia-sunerimti-vandenyje-randami-vaistu-kiekiai-didziuliai.d?id=90513451
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Thank you!
leva Putna-Nimane
Researcher
Latvian Institute of Aquatic Ecology
ieva.putna®@lhei.lv
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WAVE MODEL FOR THE BALTIC SEA FOR COASTAL

MANAGEMENT AND ENGINEERING APPLICATIONS

Andrea Giudici, Rain Mannikus, Fatemeh Najafzadeh, Mikolaj Zbigniew Jankowski,

Tarmo Soomere, Ulo Suursaar

Laboratory of Wave Dynamics / Department of Cybernetics

Tallinn University of Technology 30.11.2022




Methods - The Model

SWAN wave model - cycle III, version 41.31A.

It is a third-generation spectral waves model, that creates sets of waves sequences
through solving the wave action balance equation.

- inputs: bathymetry, wind
- outputs: wave spectra and spatio-temporal parameters

The model was fine-tuned to provide optimal performance using two wind datasets.



Methods - the Grid System

Triple-nested rectangular grid system, each level of increased density. Finest resolution reaches about 260m
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210 x 249
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0.005 x 0.0025 deg 160 x 90
170 x 130

ﬂm\

0.01 x 0.005 deg "
120 x 40 \
— 7

Gulf of Finland (2nd nest) as an example grid.



Methods — Data Sources (Wind)

Forcing winds:
1) ERAS5 (5% generation ECMWF)
2) BaltAn65+ (regionalisation of ERA-40 and ERA-Interim)

ERA 5 is the provides new reanalysis in real time + 3 months.
BaltAn65+ has been good reputation based on its previous publication record.

1965 BaltAn6b+ 2005

1979 [ ERAS I 2021

Modelled wind data was validated with data from the Finnish Meteorological Institute (FMI) (1960s-present).

TAL
TECH
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Methods — Data Sources (Waves)
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Wave and wind measurement locations

N

58°

Model runs were validated by
comparing calculated significant
wave heights and peak periods
with available measurements.

Data sources:
1) Localized
campaigns

data collection

2) FMI (Finnish Meteorological
Institute)

3) SMHI
Meteorological
Hydrological Institute)

(Swedish
and

4) Estonian Marine Institute



Average wind speed [m/s]

Model Validation (Wind)

Kalbadagrund

O In-situ

[ BaltAn

COERAS

Kalbadagrund is in middle of
the Gulf of Finland.

Correlation:
ERA5= 0.97
BaltAn65+ = 0.90

Bias:
ERAS5 =0.18
BaltAn65+ = 0.02

Key points:

10

11

12

« ERA5 underestimates wind
speed

« BaltAn65+ overestimates
wind speed

- Both datasets have high
statistical accuracy

« Slight differences may be
attributed to satellite data
tuning



Model Validation (Wind)

Vilsandi Oln-situ OBaltAn CERAS Vilsandi is located at western
_ coastline of Saaremaa.

u - - N Correlation:

Average wind speed [m/s]

ERA5= 0.97
— ml s BaltAn65+ = 0.95

— Bias:
_ _ ERAS5 = -0.45
BaltAn65+ = -0.30

Key points:
« All data overestimates the
wind speeds at Vilsandi

« The correlation and bias
remain acceptable

 Local coastline features are
potentially to blame for the

slight differences.




Average wind speed [m/s]
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Model Validation (Wind)

Parainen

O In=situ

O BaltAn

COERAS

Parainen is located within the
Turku archipelago in Finland.

Correlation:
ERA5= 1.0
BaltAn65+ = 0.99

Bias:
ERAS5 = 0.24
BaltAn65+ = -0.03

Key points:
« Both of the wind datasets
underestimate the speed

« Data maintains high level of
accuracy for the model

« Slight deviation can
potentially be attributed to
local coastline features



Model

ERA 5

BaltAn65+
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observations at 2 example measurement stations
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Measured significant wave height [m] Measured significant wave height [m]
SWAN modelled significant wave height compared against

validation (significant wave height)

Locations background:
Suomenlahti is within Gulf of
Finland with about 20 years of
measurement data.

Almagrundet is located within
centre of the Baltic Proper, with
5 years of measurement data.

Key points:

« The SWAN model data
replicates the significant wave
height parameter well in both
cases

 Precision of modelled results
increases with higher grid
resolution grids



Model

14

13 1
12 4
14

ERA 5

Modelled peak period [s]

BaltAn65+

Modelled peak period [s]
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validation(peak period)

Locations background:

Suomenlahti - point in Gulf
of Finland, 20 years of data

Selkameri - point in Bay of
Bothnia, 11 years of data

Pohjois-Itameri - centre of
Baltic Proper, 10 years of data

Key points:

Suomenlahti 13 Selkameri
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Measured peak period [s] Measured peak period [s]
SWAN modelled peak period compared against available observations
at select points in the Baltic Sea.

Observations and modelled
values match reasonably
well

Data from higher resolution
grid (like Suomenlahti)
provides a better match for
parameter values



Wave fields — Baltic Sea (1st level grid)

BSMain 90 percentile Hsig for 1991 to 2021 [m]

BSMain mean Hsig for 1991 to 2021 [m] 4

3.5

3

- 2.5

-2

Latitude

BN | 1.5

56°N

20°E

Longitude

4

3.5

925

Latitude

= 1.5

0.5
54°N

Longitude

TAL Mean (left) and top 10% (right) of SWH from ERA5 data for 1991-2021

Key notes:

Spatial distribution
of average wave
heights, as well as
their range make
physical sense

Wave propagation
reaches all areas of
concern to the run,
setting the base for
comparison



Wave fields’ differences - Baltic Sea

Anomaly mean BSMain Hsig for 1991 to 2005 [m] Anomaly 90th BSMain Hsig for 1991 to 2005 [m]

Latitude

16°E 20°E 24°E

Longitude

Latitude

20°E

Longitude

TECH Mean (left) and top 10% (right) difference maps between
ERAS5 and BaltAn65+ data for the overlap period of 1991-2005

s Key notes:

02

-0.2

04

-0.6

There are differences
between model results,
particularly in the bay
of Bothnia and Baltic
Proper.

On average, modelling
with ERAS yields
higher SWH by than
with BaltAn65+

Further differences can
be spotted in the
extreme values
(averaged top 10%)

Anomaly maps note:
Positives = ERA > BaltAn65+
Negatives = ERA < BaltAn65+



Wave fields — Gulf of Finland (2"d level grid)

GoF 99 percentile Hsig for 1991 to 2021 [m]

GoF mean Hsig for 1991 to 2021 [m]

Latitudg,
o

z
Latitudg,

24°E 26°E 28°E

Mean SWH Top 1% SWH

GoF 90 percentile Hsig for 1991 to 2021 [m]

3.5 Key points:

3 « Coastal features are well-reflected in height of wave
2.5 propagation within the Gulf of Finland

2

1.5

) « Model produces reasonable values for SWH

0.5

0 Map detail is much higher than on a lower resolution grid

“"TECH Top 10% SWH




Wave fields’ differences — Gulf of Finland

Anomaly 99th GoF Hsig for 1991 to 2005 [m]

Anomaly mean GoF Hsig for 1991 to 2005 [m]

30°E

24°E 26°E 28°E

Mean SWH difference map

Top 1% SWH difference map

Anomaly 90th GoF Hsig for 1991 to 2005 [m] 0.3
0. Key points:
e Further differences can be spotted between
0.1 ERA5 and BaltAn65+ model results
0
01 " Higher resolution grid provides much better
- insight into differences between model results
-0.2
-0.3  Differences note:
| Positi\{es (Red) = ERA > BaltAn65+
TOp 10% SWH difference map Negatives (Blue) = ERA < BaltAn65+




Extreme Events — example case 1/2

Northern BS, Dec 1999 (detailed)

! ; | 0 | |

Dec 05 Dec 12 Dec 19 Dec 26 Dec 17 Dec 18 Dec 19 Dec 20 Dec 21
Date 1999 Date 1999

Key points:

« Timing and magnitude of extreme events match very well with available measurements

« BaltAn65+ data has tendency for slight underestimation of the extremes and is less accurate




Extreme Events — example cases 2/2

Northern BS, storm Rafael, Dec 2004

Suomenlahti, Nov 2001

& E S
T o |
3
2
| “i
0.5 - e 2 - . . 0 1 o | J
Nov 10 Nov 11 Nov 12 Nov 13 Nov 14 Nov 15 Nov 16 Nov 17 Nov 18 Nov 19 Dec 22 Dec 23 Dec 24 Dec 25
Date 2001 Date 2004
ERAS (blue): Dimax= 0.821 D= 0.250 R=0.968 ERAS5 (blue): Dmax= 0.714 Dms= 0.293 R=0.992
BaltAn65+ (red): Dmax= 0.995 Dms= 0.250 R= 0.964 BaltAn65+ (red): Dmax=1.456 Dms= 0.520 R=0.986

Key points:

E H

« ERAS overestimates extremes sometimes, while BaltAn65+ underestimates them




Concluding Remarks

Conclusions:

1) Contemporary wave models replicate well wave properties in the open part of Baltic
Sea

2) There is significant differences between model results using different wind datasets,
particularly identified in the Bay of Bothnia and in the Gulf of Finland

3) Continued modelling at higher resolution is expected to yield even more findings in
the future

Thank you for your attention ©
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The aim of the study

Fig. 1. Construction of the Liepaja sea breakwater
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The aim of the study

Fig. 2. Breakwater near Ainazi (Latvia)
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Lattice Boltzmann method - 1

The lattice Boltzmann methods (LBM), originated from the lattice gas
automata (LGA) method (Hardy-Pomeau-Pazzis and Frisch-Hasslacher-

Pomeau models), is a class of computational fluid dynamics (CFD) methods for fluid
simulation

Instead of solving the Navier-Stokes equations directly, a fluid density on a lattice is /
simulated with streaming and collision (relaxation) processes ’

The method is versatile as the model fluid can straightforwardly be made to mimic [/

common fluid behaviour like vapour/liquid coexistence, and so fluid systems such as '
liquid droplets can be simulated

SCIENCE DAYS FOR THE GULF OF FINLAND AND
THE EASTERN BALTIC SEA




6 .’AZ 5
Schematic of D2Q9 and D3Q27 lattice
vectors for 2D Lattice Boltzmann 3 — 10— 1
e o o o o ® @ fs
3 Y
) f: @ - :\ I z y| 7 4 8
® fi o > p—e ¢ % X

The collision step

The streaming step

Y Lattice Boltzmann method - 2

LRI

4

(Rt 6 = £ G t) 41D =D

Ts

fi(x+e.t+5) = f(x1)
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\\ \l
| |
/ |
// //
A Lattice Boltzmann method - 3
/// t=t
Pre-stream Fluid
At the boundary of the area, in order g ot
to realize the principle of wall " / = F o
impermeability and liquid (gas) non- S v % % % 7 5
sticking, the rebound condition is o Ao Jiie -
Used in LBM >>J/ /////////:\/ Sold /./ /,
| 7k /
The marginal rows do not relax to the ,/
equilibrium distribution function, but Bounceback v I
instead the distribution functions take sl /'/ i f;/{/ il '> - |/
on values of the distribution function ST /)
of the opposite direction - ’ s
;'ost-;trear.n 1, { F;Id "I // / /
In the next step, the particles that got ML R/

there return back to the flow
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S 7y Lattice Boltzmann method - 4

:V/he main part of the calculation algorithm:

1. initialize (set) the initial macroscopic parameters @, f, and f™
2. transfer step: moves f; — f.” in each of the directions &

3. knowingthe new f;, calculated macroscopic quantities p and U ’
4. calculated f,* according to relation (38) o

o . . . . * 1 * /// J
5. collision step: recalculates the distribution function f, = f. ——( f - f.eq) ey

6. repeat steps 2-5

SCIENCE DAYS FOR THE GULF OF FINLAND AND
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Numerical result: side view
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Numerical result: side view
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Numerical results: flow from the side -1
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Numerical results: flow from the side -1
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Numerical results: flow from the side -1
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Numerical results: flow from the side -1

Leaching zone
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Numerical results: flow from the side -1

Leaching zone

Sedimentation zones
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Numerical results: flow from the side - 2
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Numerical results: flow from the side - 3
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Numerical results: flow from the side - 4
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Numerical results: flow from the side - 5
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Numerical results: flow from the side - 6
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Numerical results: flow from the side - 7
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- Numerical results: flow from the upper left corner - 7
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Conclusions/observations

Flow modeling using LBM allows estimation of flow velocity distribution and
visualization of bed self-cleaning and sedimentation zones

The location of coastal erosion/sedimentation in simulations is in good
agreement with observations in nature

The Lattice Boltzmann method makes it easy to use parallel calculations /

Solutions can be supplemented with heat transfer equation ,

SCIENCE DAYS FOR THE GULF OF FINLAND AND
THE EASTERN BALTIC SEA




Liepaja University
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~ ~ Equipment with sensors in the basic
. _version:

/. Autonomous environmental monitoring robot

/

/

GPS sensor

US sonar

Temperature sensor

pH sensor

Dissolved oxygen sensor
Oxidation-reduction potential sensor
Water transparency sensor

Electrical conductivity (salinity) sensor
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MOTIVATION

Challenges

 Tide Gauges observe sea level at the coast within limited
site locations

- Satellite Altimetry sea level data accuracy changes by their
constellations: Sentinel series (98° inclination) are more
accurate than T/P series (66° inclination) in the Baltic Sea
due to their orbits, although with a gap of data [Oct 2011-
Mar 2013] & [Jul 2016-]Jan 2017]

Solutions
« Gap-filling methods could overcome the constraint

Sentinel missions

Geoid as a reliable reference datum
Data Gap: 13%

AN /D

200 — ‘ | \ 7 N \ \ ]
TG ERS-2  Envisat SARAL Sentinel-3A \ /

100 |

I +
M’::ﬁ | &w | SR LA A 8 il
f&% § [5A / g 1L i iy
o t%% ey heyi *%W% %ﬁ”w bl &wﬁ@ T il
A Harhina (RMSEg, 4= 17.5 cm)
-100 ‘ \ | V2 | A

1995 2000 2005 2010 2015 2020 Ellipsoid

DT [cm]

Sea Surface Height

Figure 1: Sea Level time-series at Hamina TG station by continuous TG (294 months) and
gapped SA data (37 months gap)
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Figure 1: Sea Level time-series at Hamina TG station by continuous TG (294 months) and
gapped SA data (37 months gap)
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and Nemo-Nordic Hydrodynamic Model data for S3A
and JA3 missions [2017-2019]



= Data treatment steps:
Absolute DT using geoid (NKG2015) and by removing Vertical Land Motion (NKG2016LU) and
De-trend absolute DT data by fitting 1st degree polynomial model

De-season absolute DT data by finding the seasonallty using spectral analysis of DT  sA ssH data
input (within DAC

. m(t) = ao + alt + az cos(wt) +a3 sm(a)t) + a, cos(Za)t) +as sini (th) 30|;If11TZV;Iav decorrection
TGdt nd Lmear Trend 34mm/year ‘—Monthly Mean DTdt d‘ [
_TGOrigina] ——13-month Moving Average \b
50 - 50) ] EIIip§oidaI Tide System
: . 0 bl fag conedtion . correction
= l’ ‘ “ 7 ‘ _ V ' ‘ ,." 'VAV' A '“ ’,' 'F.‘ (T/P to (tide fr_ee to
a 0 ( \J ] 'y ' Il | GRSSO) z2ero [tlde)
! ;
50 ! | \ \ | | \ | | | \ | S0l DT Gross errors
0 2 4 6 8 10 12 14 16 18 20 22 24 1 2 3 45 6 7 8 9 1011 12 ConverSion - removal
Year number Month number (NKG2015) (:i:2m DT)
6 i I
; | Single-Sided Spectrum of DT, [
- i i . !
S : ! Outlier Bias
£ i : removal __.  correction
2 | | 7 (data (using mean
: screening) difference)
0 | \ \ |
4 2 1 0.5 0.4 period [Year] 0.25 \[/
Figure 3. monthly DT of TG observation (blue line) at TG#1 for 25 years (from 1995 to Mean SA DT
2020). The linear trend (green line) used to detrend (gray line) the TG. 13 month moving (cycle/pass/
average trend (red line) is also presented. box chart of DT at the TG along with monthly mission)

mean DT which shows some seasonality and the power spectral density of detrended DT of
TG shows two main time periods (annual and semi-annual) seasonality of DT. Figure 4. SA data treatment



= @Gap filling steps:
Stationary Test: Augmented Dickey-Fuller test

Stability Test
Box-Jenkins Methodology: ACF(Auto-correlation function)/PACF to find MA and AR lags

Goodness-of-Fit: Akaike’s Information Criterion (AIC) and Bayesian Information Criterion (BIC) to find the

seasonality lags
Seasonal Autoregressive Integrated Moving-Average (SARIMA) is best model for prediction & gap filling

Compare the gap-filled data from Forecasting and Hindcasting data

100 T

T ! "
S 3 ' i
B ‘I",“‘ g il ,{a '
_ Al 4 9 i o ¢f
i o 18 i d {8
3] i b © M
250 | |7 D original — seasonality © !I‘I,' 6 : " B
e SAdetrend TGdeseason g’
--e--SA —linear trend
deseason
TG#1
_10p [~ trend | | | | | | | | | |
1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Figure 7: DT time-series by SA data (blue line) and TG#1 data (gray line) at one location (e.g., TG#1). Both data have been detrended by the
first-degree polynomial function (black line) and deseasoned by the annual and semi-annual function (red line). The detrended SA data is showed
by a magenta line and then the deseasoned SA data is showed by green line. The gray shading areas are the gapped times of SA data.



DATASETS & STUDY AREA

ERS-2 [1995-2003]

Envisat [2002-2010]

Table 1. Selected TG stations over the Baltic Sea

TG ID TG station Latitude Longitude Country
1 Helsinki Kaivopuisto 60.15363 24.95622 FI
2 Hanko Pikku Kolalahti 59.82287 22.97658 FI
3 Hamina Pitajansaari 60.56277 27.1792 FI
4  Pietarsaari Leppaluoto 63.70857 22.68958 FI
5 Kaskinen Adskar  62.34395 21.21483 FI
6 Rauma Petajas 61.13353 21.42582 FI
7 Oulu Toppila 65.0403 25.4182 FI
8 Spikarna 62.3633 17.5311 SW
9 Marviken 58.5536 16.8372 SW
10 Simrishamn 55.5575 14.3578 SwW
11 Forsmark 60.4086 18.2108 SW
12 Furuégrund 64.9158 21.2306 SW
13 Swinoujscie 53.9084 14.2543 PL
14 Kotobrzeg 54.1866 15.5534 PL
15 Ustka 54.588 16.8538 PL
16 Sassnitz 54.5108 13.6431 GR

SARAL [2013-2016]
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Figure 6. selected TG station locations over
the Baltic Sea together with the high-
resolution marine geoid
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= Sentinel-3A, 3B
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Figure 5. Location of TG stations and SA
passes in the Baltic Sea



The Seasonal Autoregressive Integrated Moving average (SARIMA) could detect the seasonal variations,
hence, leading to the best result compared to other ARMA models

Best model for forecasting: SARIMA with AR:1, I:0 MA:1, SAR:[12:6:60], SAR:[12:6:60] and Seasonality

12 month

The gap-filling over the entire Baltic Sea could lead to a more realistic sea level trend analysis and coastal

management
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Figure 8: RMSE of gap filled data vs. the original data
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Figure 9: Bi-directional gap filled Data via forecasting (red) and hindcasting (green)

vs the linear interpolation



Thank you!
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Spatially varying role of
MANIFESTATIONS OF CLIMATE CHANGE

on coastal processes from the German Bight
to the Gulf of Finland

Tarmo Soomere

Tallinn University of Technology, School of Science
Department of Cybernetics, Wave Engineering Laboratory

Estonian Academy of Sciences
01.1I2.2022
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Instead of Introduction

or winds of future may be very strong
even if there is no climate change

i,
Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE ENGINEERING
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=~ An expected result: average wind speed over Estonia
e itk LXE T |

20 U N

N~
~ Average wind speed
e 22-3.30
e 3.31-385
3.86 - 4.91
4.92-6.13

Tarmo Soomere

BALTICITIES & Gulf of Finland Science Days

A

> Larger over the
sea

» Somewhat larger
over large lakes

» Follows the
pattern of forests
and agricultural
lands

Partially restricted material.
Map by Ain Kull, University
of Tartu

ki,

WAVE ENGINEERING

Helsinki, 01.12.2022
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H5u Also expected result: max wind speed 1x100 yf

R TRkl A ] | ]
" Wind speed once in 100 years | » Maxima 30-32
I 32.77000
m/s

. 130.00000 ra
e | > Parnu Bay and
I 15.00000 north of Lake
Peipus
» Strongest: SW
winds

20 UIN

Partially restricted material.
Map by Ain Kull, University

i : : o & of Tartu
A)Feaé W|tQmaX|mum wind speed P x
| | A

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE e;emssnme




2. Unexpected result: max wind speed 1x1000 yrh
T IR L T -

"~ Wind speed once in 1000 years

20 UIN

N

I 37.08000
I 35.00000
. 130.00000
. 125.00000
. 120.00000

SViEg e

Maxima on maintand

Tarmo Soomere

BALTICITIES & Gulf of Finland Science Days

ZZ A

» Maxima 35-37
m/s

» The northern
shore

» Strongest:
northerly winds!

Partially restricted material.
Map by Ain Kull, University
of Tartu

itk
Helsinki, 01.12.2022 WAVE ENGINEERING



{E&H Has the future already arrived?

01 January 2019, Sea of Bothnia, Aapeli:
»North wind 32.5 m/s

»<30 m/s in January 2005

» Usually SW winds the most frequent

and strongest
Bjorkqvist et

» Unexpectedly severe waves ai, 2019

» Significant wave height 8.1 m

» All-time maximum in Baltic proper:
3.2 m, Dec 2004

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE e;eu}u;ame



TECH

Simple consequences

» A climate system may have very strong natural
variability (=noise)

» Major events/extremes occur with some
frequency even in the stationary climate system

» Manifestations of climate change more reliable
identified from changes to average values (or
various distributions)

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE ENGINEERING
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" A feature (not a bug) of random systems:

Extreme values increase in time even in a stationary climate

» Common distributions in marine science & geophysics: Gauss
or Weibull distribution

» wind speed, wave height etc

» Extremes increase as ~log(t)

» Also in a statistically stationary system
» Even when there is no climate change

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE EN GINEERI NG



TEcH Nobel Prize laureates 2021

»Weather forecast possible for max 2 weeks

» Climate forecast possible for decades (Klaus Hasselmann)

> Because our Earth has the ocean

» Climate as a Brownian parcel
»Impossible to exactly forecast its position
» Fairly easy to forecast the distance from initial location
» Sufficient to observe during short time + math
» (Important to have good signal/noise ratio)

ik,
Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE ENGINEERING




THE question / Facing the challenge:
how to identify climate changes?

A hint:

The coastal sea and coastal processes as natural
indicators and integrators of hydrodynamic loads
(smoothing out short-term noise)

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAVE ENGINEERING



TECH The main drivers of the coast

Wind: the background of almost all other drivers

» Waves
» Reflect properties of winds over large sea areas
» Bring massive energy flux to the shore Their impact is
» Entrain and move sediment radically different
» Affect functioning of river mouths in different parts
» Contribute to the local water level of the Baltic Se3

> Water level

» Supports penetration of wave energy to the upper beach
» Extreme water levels: reflect properties of large and strong storms

> Sea ice
» Protect sediment from erosion

» Damp the generation and impact of waves and (high) water level iy
e
Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 Wxﬁei‘sms?xms




Driver 1:

Changes to the average water level

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022
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{EEH Half of BS shores are_"
bedrock or limestone~_

What an injustice: N
this half is uplifting

Harff et al. 2017;
relative sea level
change mm/yr
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= An (almost trivial) conjecture

The (negative) impact of climate change driven sea
level rise

» Largest in the south of the Baltic Sea

» Decreases towards NE
» [Strong SW-2>NE gradient of the impact]

»Consequences reversed in the north of the sea

iy,

ish
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TAL : ..
TECH The largest impact of sea level rise: in Poland

»Sea level rise 2-3 . M{A—«,
) "-"ir /\ /
mm/yr v vl Widwean. < Ji SCLT DN
> Accumulation i ,"f§~ BRGS
areas: only 15% of AN R
shore Pl == tabuz, 2013
» Rapid erosion: 40%
of the shore

The dynamics of

the shores B } w u C" F N . :‘
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Driver 2

or the meaning of wave direction for
the shores

(We know that wind speed and wave height
have had no substantial changes)

ishhe,
Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAvE ENGINEERTRG



Tecn A very long interconnected sedimentary system

» ~700 km: Russia-Lithuania-Latvia-Estonia

» Mainly relatively soft and easily erodable
sediment

» Generally sediment deficit
»~60% of the coasts highly vulnerable

» Classics: counter-clockwise transport
» 2-peak wind structure (SW/W & NNW)
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Ton . .
TWhat does it mean in terms of

wave-driven sediment transport?
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TAL .
TECH Expected old result: bulk transport increases
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TAL
TECH Unexpected old result: net transport does not!

Only possible if wave approach
| T direction changes |

__Soomere etal, 2015, A i B I —

Climate Research
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Feen What happens in such conditions: Some
shores are badly damaged - Gulf of
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TAL
TEEH - Another conjecture

The (negative) impact of climate change driven
systematic rotation of wave approach directions:

» Relatively small in the south of the Baltic Sea
» Strong drift to the east anyway

» Large at the eastern shores of the Baltic proper
»Variations in the share of SW/NW winds

»Smaller in the north of the sea

»Bedrock shores or strong drift to the east anyway

- - - - u’-
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Driver 3

or the potential impact of frequently
occurring high water levels




TAL .
TECH Rapid changes to the shore occur when
strong waves arrive during high water level

RCO model, Kopli Bay, Tallinn
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PE\%:H The problem: Water volume of the Baltic Sea varies

4

Water level at Tallinn, Kopli Bay
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Specific feature of the Baltic Sea
» Increase in the water volume of the entire sea
» High water level events over a few weeks, ~1 m ,ﬁ,‘,ﬁ.m
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TE" . .
TEThe maxima increase

everywhere in the Baltic Sea

» About ~4 mm/yr in most of the sea
» Reflects increase in the extreme filling of
the sea
» Longer sequences of storms in the area of
Danish straits

» Up 9-10 mm/yr in the eastern Gulf of

Finland
» Reflects new strong wind directions

» Up 9-10 mm/yr in the Gulf of Riga
» Reflects specific storms that press wat
into the Gulf of Riga (Mannikus et al., 2019)
» The same process for frequently occurring
high water levels
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TAL
TEEH And another conjecture

The (negative) impact of climate change driven

changes in elevated water levels

»Localised in the eastern bayheads: Gulf of Riga,
Gulf of Finland

»Larger than average: Latvian and Estonian shores of
the Baltic proper

» Commeasurable with the sea level rise in the rest of
the sea

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022  WAVE ENGINEERING



Driver 4

The presence or missing of sea ice

Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022

i,

WAVE ENGINEERING




TA
TECH The concealed threat: less ice

Sooaar and Jaagus 2007

01 May g -: .-

» The probability
of freezing has
JApr decreased by
01 Mar 20% per 100yr
_9
Q 01Feb > Ice break-up
01 Jan has become
earlier by 10
01 Dec days/100 years

(UtO) (Jevrejeva
and Lepparanta)

01 Novf ¥

1950 1960 1970 1980 1990 2000
Year

iy,

ishhe,
Tarmo Soomere BALTICITIES & Gulf of Finland Science Days Helsinki, 01.12.2022 WAvE ENGINEERTRG




o » Damps storm

surges
Ice protects our shores > pamps waves
» Directly protects
sediments

(Komarovo, Neva Bight, 29.11.2006 11.01.2007 ) Ryabchuk et al. 2009, 2011
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TAL .. ]
TECH No ice in the future = increase of
wave impact ~1,7 times

»The largest impact: Bay
of Bothnia

» Lesser impact: Quark

» Within uncertainty :
Sea of Bothnia, most
of Baltic Proper,
entrance to the Gulf of
Finland

» Unexpectedly large:
eastern Gulf of Finland

Tarmo Soomere

Comparison the current and ice-free climates

Najafzadeh et
al. 2022
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Cumulative wave energy flux difference (%)

Mereslsteemide instituut - 20 30. august 2022




TAL .
TECH Decrease inice cover:

the strongest impact right g

now at the latitudes of the Gulf of Finland
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TAL ° ° ° °
LI . The joint impact of waves and lack of ice
(Orviku et al., 2003)

Rapid retreat of several eastern
Baltic Sea coasts since the 1990s

Kiipsaare lighthouse, Estonia, 2004
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beaches are not
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TAL 66°N
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Implications radically different in different parts of the
Baltic Sea

> Sea level rise
» Predominant in the south (Polish shores)

» Changes in wind and wave directions
» Predominant at middle latitudes of the eastern Baltic Sea

» Wind direction in strong storms (elevated water level)
» Very strong in the eastern basins (GoF, GoR)

» Ice cover duration

» Implications have a complicated spatial pattern |
s
ishhe,
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Thank you for your attention
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SOME ASPECTS OF EXTRACTION AND
APPLICATION OF SEAWEED FURCELLARIA
LUMBRICALIS CARRAGEENAN IN THE
PRODUCTION OF RECYCLED PAPER

Sintija Ozolina, Uldis Zaimis
Faculty of Science and Engineering
Institute of Science and Innovative Technologies
Liepaja University, Latvia
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Fixed distribution of Furcellaria Lumbricalis in the
Baltic Sea (dark blue) (HELCOM metadata information,
https://metadata.helcom.fi/ 2022.)
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»

\Seaweed detritus is washed ashore and i
. ‘oftenconsidered waste on the beach
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The local municipal administration recognizes it as a disturbance (according to rough estimates, 9300 m3 of algae waste

material has been transported from the Liepaja beach per year (according to 2022 data) and removal costs

45792 euros

This dead macroalgae biomass could be interpreted not as an unwanted material but as a
resource

Macroalgae removal costs (Liepaja municipality)
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Since the beginning of the year, 103
people have had their permits to
enter the beach for sea manure
removed.

Last year, 126 permits were issued
throughout the year.

Ka pieteikties uz juras zalu
vaksanu pludmalé

ledzivotdjiem, kuri vélas pludmalé iebraukt ar savu auto vai citu
tehniky, lal vaktu jaras zdles, ir japiesakas uz bezatlidzibas

liguma noslégianu. Ligums bas ot|auja lebraukianal pludmalé -
atlaujo bis spékd no noslégianas dienas lidz goda beigdm.

Pieteikumu bezatlidzibas liguma
noslégsanai var iesniegt:

ELEKTRONISKI Lol’mnoslmdm S

Aizpildot elektronisko * Vard J;v’:::' s
pieteikuma anketu vietné: . p.m:nos kod:
Aot e s

* Dzivesvietos adrese
* Kontokttélruna numurs

KLATIENE Eelektroniskas anketas beigas janorada,
Komunaloja parvaldé, vai ligumu klients vélas sanemt:
Uliha ield 44, * Kltiené

talrunis uzzindm: 6 34 81898 * Ar elektronisko parakstu

www.liepaja.lv

un juras zales paredzéts vakt tikai ar darza darbarikiem, to var
darit, jebkura laika - bez saskano$anas

@ Ja ar automasinu vai citu tehniku nav paredzéts iebroukt pludmalé
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Loading of macroalgae into
a biogas facility in
Trelleborg, Sweden. 2>
Retrieved from

e . (www.trelleborg.se)
Furcellaria February 2022.

Lumbricalis?

anufacture
of paperand
paper
composite
materials

Fertilizer
production

In biogas
production

In the

production In the
P manufacture
bi cl) ti of cosmetics
ioplastics

In food
production

Est-Agar AS is the only producer of the unique texturant — furcellaran from the red seaweed

Furcellaria lumbricalis in the world.

= Q “LARINS e SO

......... WTSWEW  AWCARE WA oPrER Est-Agar AS main business areas are:

— Production and sale of gelling agent furcellaran

STOP NO. 6: ESTONIA
Furcellaria, a protective
gum

— Trawling, gathering, buying up, processing and sale of red seaweed Furcellaria lumbricalis.

In the photo, a member of the board of Est Agar AS in
the furcellaria biomass warehouse in Urmas Pau. '
| Author Ivar Soopan =2
e
Orkla *During the year, Est-Agar processes
approximately 1000-4000 tons of wet weight
algae mass. (11.06.2020)




Dregidents Rucavas un Nidas tveiniekciemos

PEc svinilbdim LiepAji valsts pfmdems
Dr, K. Ulmanis vakar pl. spjp thd&
piem — kara ministru y
lietu ministrn V. Gul!ﬁ:\'semko Thas mi-
nistru J. Birzniekuv un izght mlnl-
stru prof, A. Tenteli izbrauca ug Nieu
un Rucavu, jo v#léjds iepazities ar lo}auiu
dzivi, kas dmnﬂdﬁ smil¥ainajf

nabadzigaja j rajond. Prezidentam
vél Jidzi brauca armijas #tiba ekinleks

anis, valsts as  direk
tors D. Rudzitis, Liepitjas prieks

uciend devias gar
ju ciemam un Jarmal-
vu, Nida un Bértu,
Klampju chmi Prezidents iepazinfis ar 0-
ras mésiu ustvéréja — moja bivi.
vietéjie szvejnieki sumindja Prezidentu un

dzives un darba uzbfivé, Zvejnieces Prezi-
dentam un zemkopibas ministram aplika

Péc svinibam Liepaja valsts prezidents

Dr. K. Ulmanis vakar pl. 5 p. p. ar pavado-
niem — kara ministru gen. ). Balodi, ieks-
lietu ministru V. Gulbi, zemkopibas mi-
nistru J. Birznieku un izglitibas mini-

stru prof. A. Tenteli izbrauca uz Nicu

un Rucavu, jo véléjas iepazities ar to lauzu
dzivi, kas dzivo un strada smilsainaja un
nabadzigaja jarmalas rajona. Prezidentam
vél lidzi brauca armijas $taba priek$nieks
gen. Hartmanis, valsts kancelejas direk-

tors D. Rudzitis, Liepajas garnizona prieks-

nieks gen. Dankers, Liepdjas aprinka veca-
kais E. Licis, Liepajas pilsétas galva E.
Rimbenieks, Liepajas prefekts F. Saberts
un citi. Automasinas brauciena devas gar
jarmalu lidz Klampju ciemam un Jarmal-
ciemam, talak uz Rucavu, Nidu un Bartu.
Klampju ciema Prezidents iepazinas ar ji-
ras méslu uztvéréja — mola bavi. Seit
vietéjie zvejnieki suminaja Prezidentu un
pateicas par valdibas gadibu zvejnieku
dzives un darba uzbavé. Zvejnieces Prezi-
dentam un zemkopibas ministram aplika

* Magazine article from 1937.

In the territory of Latvia, in 1965, agar began to be produced
in the "Nakotne" collective farm of the Dobele district.
Furcellaria was delivered from various farms, technical
equipment for the farms was provided by the collective, and
already in 1966 furcellaria was collected and dried in large
quantities. A workshop and auxiliary premises for the
production of agar were built in the collective farm, where
200 tons of agar was produced annually (Rudovica, 2021)

Soap from furcellaria algae extract in olive oil and
furcellaria hydrolat "Sartalge". Made by Vaira Karklina.
Photo: V. Karklina, obtained from:
https://www.kurzemesregions.lv/ (KPR, 2020)



? RESEARCH AIM

Investigate whether carrageenan derived from the seaweed
Furcellaria lumbricalis can be used as a binding agent in
paper composite- material production

i %
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CH,OH CH, CH,OH

CH,
0,80 0 o S0 0,80 o_ \_0
e SRV,
OH

OH OH 0S0;
kappa carrageenan iota carrageenan
CH,OH CH, CH,OH CH,080;
DHI‘O:.‘SO\/—O o 0 m-lw—g o 0
OH OH 0SOy 0SS0,
furcellaran lambda carrageenan

Chemical structures of the main carrageenans (Eha, 2021)

*Furcellaran is a combination of kappa and lambda carrageenan

e Kappa carrageenan forms strong, firm gels
e jota carrageenan forms soft gels
* |lambda does not gel and is more used to thicken dairy products

LIEPAJA
UNIVERSITY



MATERIALS AND METHODS

The preparation of paper pulp takes place in the paper recycling
laboratory of Liepaja University

Red seaweed Furcellaria lumbricalis detritus is harvested from the coastal
area of Liepaja municipality's public beach

Extraction of carrageenan of red algae, for further use as binding material,
takes place in Liepaja University environmental chemistry laboratory

In the current experiment, carrageenan is used as a binder in the
production of seaweed paper composites immediately after extraction
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Form creation,
drying process

[

Fresh or dried
algae

Fig. 1. Composite seaweed-paper
OM image by 720 nm, unedited, grayscale

Red algae Furcellaria Lumbricalis

paper composite
material with different

e P w P S P R e e )

Extracted
carrageenan

Used office paper,
paper pulp, then
shredded

variations of algae additives

Fig. 2. Composite seaweed-paper in
drying process

[
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PERFORMED TEST

Strength tests were performed with 4 different paper types:

* regular office paper
* recycled paper without any binding agent added

* recycled paper with added carrageenan

* recycled paper with added polyvinyl acetate binding agent
-Each paper type was tested 10 times
-Strip dimensions 100 mm x 10mm

W LIEPAJA
UNIVERSITY



RESULTS

Paper with algae binder is 9% less resistant than recycled

paper with added PVA glue, but 40% stronger than recycled

paper without any added binders.

Regular fine grade office paper was tested for comparison
for industrial manufactured paper.

The results show that the carrageenan binder can be used in

the production of paper to replace chemical inorganic
compounds.

|

UNIVERSITY

Strength test results
Weight capacity in grams, accuracy £2 %
Test Regular fine Recycled paper Recycled paper with Recycled paper
attempts grade office without binding added carrageenan with added
paper agent polyvinyl
acetate
1. 3888 2360 2370 2709
2. 4760 2310 2365 3830
3. 4191 2663 3575 3156
4. 4189 2362 3130 4123
5. 3981 2160 3478 3258
6. 3765 2263 3231 3201
7. 4182 2257 3232 3203
8. 3872 2260 3755 3200
9. 5644 2214 3553 5284
10. 5528 2087 3540 3343
Average
values 4440 2294 3228 3533
Tensile strenght of paper
Lo
I
t
: £
¥




e Carrageenan from red algae Furcellaria lumbricalis can be used as
a binder for paper recycling ( for later use in seedling pots manufacturing)

 Method adapted for seaweed treatment is appropriate for low-input paper

composite manufacturing
Biomass leached from the Baltic seashore can be a resource rather than bio-

waste
The use of seaweed can reduce management costs for local authorities, which

must deal with the collection and transport of biomass to landfills

""l tIEPAJA
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Why replace polyvinyl acetate for better natural
binding agent from our local resources?

m LIEPAJA
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Plant seedling pots with red
macroalgae additive

Breaks down well in the soil (6-7 weeks)

Plant roots easily grow through the pot

Under the influence of soil moisture, the roots grow through the walls
of the pot, but by the end of the season there is nothing left of the pot
The root system is not «injured» and all root tips continue to supply the
plant with water and nutrients without interruption and stress
Furcellaria lumbricalis acts as fertilizer

M LIEPAJAS
=== UNIVERSITATE



T Kimiskie savienojumi Baltyas jGras makroalgés

Zalalge (Lva Briinalge (Fucus Sartalge ( Furcellaria
intestinalis) vesiculosus) lumbricalis)
Minerili mg/100 g (Benjama, 2011; (Bpperez, 2002; M=hre (Biancarosa, 20185)
Biancaresa. 2014; Trums 2004;
2018) Biancarosa 2018)
Magnijs (Magnesinm) 11 6.7 89
Kalys (Pottasiam) 12 25 42
Kalcyys (Caloium) 29 30 3.7
Natrijs (Sodivm) 2.3 13 10
Fosfors (Phosphoms) 1.7 1 1.2
WVars (Copper) 5.7 3.7 6.2
Dzelzs (Fermum) 580 290 130
Jods ( 130 260 24
loding)
Mangans 180 37 1.5
| (Manzagese)
Seléns (Selenipm) 0.76 0.08 0.1
Cnks (Zinc) 21 238 23
Lipidi % sausna 1.6 (Haroon, 3.95 (Peinadg, 2014) 1{Cherry, 2019)
20007
31-92{Haroon. 65 T(Rigux, 2007) 535 4{5tzer-Powyean, 2018)
Oglhidrati % sausna ( 2000
Celuloze L - 3.4-3.7 Varié atkaribi no
tevakianas latka vietas (Bird.
1991
Furcelardns - - 40-30 (Simkovic, 2021)




LIEPAJAS
M UNIVERSITATE e About 500 million plastic plant pots and seed trays are

produced every year, in various sizes and shapes. Most are

An eco-technok)gica[ approach either buried in a landfill or burned (Tomadoni, 2020).
to simple things

Circular Natural local
economy fertilizer

On average in Latvia - 100 small gardens per 10,000
inhabitants - around 200,000 small gardens
Population and Economics 3(1): 107-124
DOI 10.3897/popecon.3.e34783 (2022)
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Karsta

Pako3ana e presésana ‘\

i ! Y e Zavésana <— Formésana

https://www.bestongroup.com/

Pako3ana — =
[ raecee=

Capacity (pieces/h) 800-1000 1200-1500
Forming Mould Quantity 3 4
Total Power (kw) 33 42
Electricity Consumption (kw/h) 231 29.4
Labor Force 3-5 4-6
Material Consumption (kg/h) Paper 85 102

Water 255 306
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Raising environmental awareness, workshops, algae paper production,
bioplastic production, application, their types, pre-treatment for use.

Photo- Teacher trainingin

the Nature House (Norvay

grants) (ZIIC) Liepaja, Latvia
(october 2022)




CONTACTS

Sintija Ozolina Liepaja University environmental laboratory
assistant I
email: sintijamiezite@gmail.com o

Uldis Zaimis Faculty of Science and Engineering Institute of
Science and Innovative Technologies Liepaja University
email: uldis.zaimis@liepu.lv
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Proposal on Finnish River Basin

Specific Pollutants (RBSPs) under
WFD — Substances relevant for
Baltic Sea

SY KE

Jukka Mehtonen, Katri Siimes,
Matti Leppanen, Ville Junttila,
Lauri Aysté & Emmi Vah3

Finnish Environment Institute

1st Dec 2022
“Science shakes a hand with coastal life and citizens”

— Science Days for the Gulf of Finland and the eastern Baltic Sea, Helsinki




SY KE

Background — Decree on substances dangerous &
harmful to the aquatic environment (1022/2006)

e Based on WFD and its daughter directives

e Goal: protect surface waters via preventing pollution due to
Substances Dangerous and Harmful to the Aquatic Environment

e Currently 15 nationally selected Finnish RBSPs
* entered into force first time Dec 2006
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SY KE

Degree 1022/2006 12 § assessment

e SYKE will assess every 6 year the RBSP list and propose changes
® Proposal is based on risk assessment and monitoring data
® Evaluation of

* current RBSPs
* candidate substances for new RBSPs
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Current 15 Finnish RBSPs (= degree 1022/2006

annex 1D substances)

e 9 industrial chemicals

chlorobentzene, 1,2- & 1,4-dichlorobenzene
benzylbutylphthalate (BBP) & dibutylphthalate (DBP)
resorcinol

TCMTB & MBeT

bronopol

® 6 pesticides

SY KE

incecticide dimethoate
herbicides MCPA, metamitron & tribenuron-methyl

fungicides prochloraz & ethylene thiourea (degradation prod. of
mancozeb)
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Criteria & methods
applied
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Substances considered

® industrial and consumer chemicals
e pharmaceuticals

e hormones

e pesticides & biocides

e SVHCs

e metals

+ EU COM proposal 26.10.2022 substances for new EU surface
water priority substances (COM (2022) 540)
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aims to identify substances posing a risk to aquatic
environment, or via aquatic environment to human health

e ... but only substances for which env. levels can be decreased
* i.e. substances still used or discharged and
e Risk for PNEC exceedances at least in areas with high emissions

* RQ - measured env. concentration compared to PNEC (predicted no
effect concentration)

* criteria for risk substance: RQ surface waters > 0,5, when 95.
percentile env. concentration applied

95.percentile conc.
PNEC

RQY5 =

e Pesticides - slightly different criteria:
* RQ95 20,1 and
* quantified >1 % of samples and

.

L still used
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SY KE

Chemical data sources

e Finnish data from several national databases were utilized
e Env. concentations in Finland:
* VESLA & KERTY registers,
* scientific studies
* results from years 2010-2021
e Import and manufacture of chemicals: KETU register
e Discharges to surface waters: YLVA register
e Pharmaceutical use: medicine statistics (Fimea & Kela)
e Pesticide sales: Tukes, partly confidential data
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PNEC values & proposed EQS values

® Primarily chronic PNECs applied in risk assessment
® EU level PNECs & EQS proposals available for some substances
e The lowest scientifically sound PNEC proposed as EQS value
® EQS value proposed as
* total, dissolved or bioavailable concentration in surface water or
* concentration in biota or sediment

EQS = Environmental Quality Standard

SY KE
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Current Finnish
RBSPs - proposal

SYKFE



MBEt & MCPA tO be |Eft aS FinniSh RBSP MCPA Aurajoen

vesistossa (ug/l),
huom. log.asteikko

10

e benzothiazole-2-thiol (MBeT) with new EQS values:
* AA-EQS freshwaters 0,8 pg/l & marine waters 0,08 pg/I
* MAC-EQS freshwaters 2,5 pug/l marine waters 0,25 pg/I .

e MCPA with new EQS values:
* AA-EQS freshwaters 1,0 pg/l & marine waters 0,1 pg/| 01
* MAC-EQS freshwaters 15 pg/l marine waters 1,5 pg/|

0,01

Other 13 substances proposed to be left out

SYKE 0,001
2016 2020
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New Finnish RBSPs -
proposal

Kuva: Katri Siimes




Evaluation of candidate substances

e Candidate substances are classified to three classes:

* substances with cause or may cause risk - proposed as new
RBSPs with necessary EQS values

* substances posing not enough data, but suspected risk
substance - proposed to national screening with aim receive
necessary data for next "degree 1022/2006 12 § assessment”

* substances not causing risk = no actions

SY KE
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SY KE

12 new substances with EQS values proposed

e industrial chemicals PFASs (>PFAS24)*,

e pharmaceuticals diclofenac* & ibuprofen*,

e hormones 17a-ethinylestradiol (EE2)* & estrone (E1)%,
e metals silver (Ag)*, zinc (Zn) & copper (Cu),

e sulphate,

e pesticides florasulam, glyphosate* & tritosulfuron

* EU COM proposal 26.10.2022 substances for new EU surface water
priority substances (COM (2022) 540); BUT substance not to be proposed
as Finnish RBSP if it end up as EU priority substance
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SY KE

Proposal - Baltic Sea point of view

® EQS values proposed mainly as total, dissolved or bioavailable
concentration in surface water, sometimes in biota

e Not always possible to propose EQS values for Baltic Sea
* silver & sulphate

e General remark: measured data mainly from freshwaters,
significantly less from BS

e Substances preliminarily relevant for Baltic marine environment:

* Zn & Cu: exceedances of the proposed EQSs expected

* Diclofenac & estrone: exceedances detected in coastal areas
* diclofenac ~50% of samples, estrone 35% of samples (LOQ > EQS)

* PFASs: exceed proposed EQS in all Finnish coastal areas
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SY KE

Zinc, Zn

e Emission sources: acid sulphate soils, industry (e.g. P & P, metal,

mining), municipal wastewater, antifouling use, stormwater (e.g.

traffic, urban metal constr. surfaces), other biocide uses
e AA-EQS proposals & prel. estimation on exceedances

* 14,4 ug/l bioavailable for freshwaters
* seldom exceeded

* 7,2 ug/l dissolved for marine waters
* inner coastal waters: sometimes exceeded, outer coastal waters:

seldom
AA-EQS. mer 14,4 pgll 10,9 pg/l 5,5 ug/|
AA-EQSarine water 7,2 pg/l 10,9 pg/l 1,1 pg/l



.

SY KE

Copper, Cu

e Emission sources: antifouling use, acid sulphate soils, industry
(e.g. P & P, metal), stormwater (e.g. traffic, roofs), municipal
wastewater, other biocide uses

e AA-EQS proposals & prel. estimation on exceedances

* 1,1 ug/l bioavailable for freshwaters
* seldom exceeded

* 2,6 ug/l dissolved for marine waters
* exceeded in inner coastal waters, not in outer coastal waters

AA'EQSfreshwater 11 ng/| 7,8 llg/| 0,5 ug/l
AA-EQSarine water 2,6 po/l 7,8 pgll 0,87 g/l
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Proposal — other remarks

e Current status: hearing round on-going

e Example for legislative act that utilizes results from
monitoring + several scientific projects (incl. Baltic
Sea wide cooperative projects)
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Thank you!

Final proposal to be published in Finnish
in spring 2023 (Reports of the Finnish
Environment Institute)

Further information: >

Jukka Mehtonen: jukka.mehtonen@syke. fi 4y e 2 PN
Katri Siimes: katri.siimes@syke.fi s N
Matti Leppénen: Matti.T.Leppanen@syke.fi '
Ville Junttila: Ville.Junttila@syke.fi

Lauri Aysto: Lauri.Aysto@syke.fi

Emmi Vaha: Emmi.Vaha@syke.fi
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Suomen ympdristokeskus SYKE Finlands miljdcentral = Finnish Environment Institute
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RAPID QUANTIFICATICATION OF MICROPLASTICS BY
USING NILE RED STAINING - A COST-EFFECTIVE AND
SEMIAUTOMATED APPROACH

ARUN MISHRA, NATALJA BUHHALKO, KATI LIND, VILLU KIKAS, TAAVI LIBLIK, GERMO VALI,
URMAS LIPS

DEPARTMENT OF MARINE SYSTEMS JPI paE .
TALLINN UNIVERSITY OF TECHNOLOGY OCE S S






What is Microplastics?
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Microplastic Uncertainties in the Eastern Bal
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" “Potential Analytics of Fluorescent dyes

N\

g
Advantages
U Easy to operate
O Short measuring times

U Expensive measuring
equipment is not necessary

Disadvantages

1 Not yet standardized

U Natural particles can
interfere

[ Some polymer types difficult
to detect




" Fluorescence




NILE RED



KNALYSIS

Image Acquisition

Thresholding process
Find and draw contours

B 4

Calculate euclidean distance
based on Midpoints

R
Ry

r

Logic to differentiate between
Fibers and Fragments

Final report in excel




Fragment




False negative Microplastic detected
and accordingly detection rate was
calculated.

/" Fragment
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	Science Days for the Gulf of Finland and the eastern Baltic Sea. “Science shakes a hand with coastal life and citizens”

30th of November 1st of December, 2022
	1. Lotta Ruokanen: Subregional Baltic Sea co-operation contributing to the work of HELCOM
	2. Loreta Kelpšaitė-Rimkienė: Natural and anthropogenic factors impact on the use of the sandy beaches in Klaipėda municipality
	3. Kevin Parnell: Baltic Sea coasts under the influence of climate change
	4. Anda Ikauniece: Synthesising our knowledge about functioning of the Baltic Sea food web
	5. Ville Junttila: Harmful substances in the Gulf of Finland
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	8. Ieva Putna-Nīmane: Active pharmaceutical ingredients in environment – from data gaps to educational campaign (case study, Latvia and Lithuania).
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