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Abstract

Numerical modelapplicatiors as Decision Support Tools for the development of
solutions has proven its effectiveness over the last decadsepecific models are
developed to addresthe variousneeds of stakeholder&xisting mdern ocean models
cover the sea areas withe large resolution, measured kilometres. However,to get
aprecise understanding @lomplexprocesseshat occur in the water columaof coastal
zones, highresolution modelsare necessary.

Globally, coastal areas are vulnerable to anthropogenic impddtsn sources are
industrial waters discharges, ruaff of agriculturalrich in nutrients andpesticides
watersalong with urbarwastewater and rainfall waters release in water bodies.

This has a detrimental effect on the objects of coastal and marine aquaculture, which
often leads to the death of products, reduced growth or impaired he&l#spite certain
differences in their physiological characteristics, all the molluses hiaomman feeding
technique by filtering water through their bodigEherefore,due tothe lipophilicity of

most contaminants and heavy metalkese compoundsend to be gradually absorbed
and accumulated in soft tissues. Interestingly, this does not have dicagnivisible
effect on the molluscs but in suehway, they become hazardous for the Héaand life

of consumers.

To solve this problem, during my internship in Deltares, an integratedreggblution
hydrodynamic and transport model that takes into aont the water physical
parameters and propagation of anthropogenic pollutants in the coastal zone was
developed in the new Delft3D FM 2019.02 HM&({te. The nodel ues the system of
equationsthat consists of the horizontal equations of motion, tbentinuity equation,

and the transport equations for conservative constitueritsis estimated that the
modelled fluid is incompressible and therefore Navier Stokes equations with the
Boussinesq and shallow water assumptions are solg&idchultaneously,His software
packagewastested that allowed the developers of the package to make operational
adjustments to the program.

In this research the Ebro River Delta is chosen as study area as several aquaculture
facilities arelocatedin the Alfacs andrangar Bays. The whole aligaa natural reserve

and, moreover, is one of the most vital natural wetlands areas in the Western
Mediterranean zone (Kock et al. 2010).

The created model wasetup using measurements of the quality, flow rate and
temperature of water from the Ebro River and irrigation canals, as well as the physical
parameters of flow, temperaturesalinity,water level and currents in the deep sea from
the Copernicus systemhat usesremote sensingechniques Calibration and validation

of the model vere carried outaccording toin-situ measurements of physicochemical
parameters in local bay$heautomatic data exchange with other open data services is
implemented using the Copernicus monitoring system as an example.

Due to the facthat measurement techniques, data interpolation methods during the
data gapfilling processand model assumptions create uncertaintidse inecessity oh-

depth uncertainty analysis is shown
I ——
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Due to the lack of available dat#& is suggested to implemeérthe neural network
coupling with the modein further development Thus the automaticconstantmodel
calibration can bgerformedby training the model with th@ewlyreceiveddata. Also,
this approach will decrease the model uncertainties.

This research was conducted under the framework of the HiSea prajbith has
NEOSAGBSR FdzyRAy3d FTNRBY GKS 9dzNBLISIY | yAzyQa
program under grant agreeentS 821934.

This thesis is used to develop a forecasting system within the HiSea project. In addition,
the thesis provides the necessary information to business entities in the field of
aguaculture to ensure the possibility of sustainable decisimaking managem& and
development of risk response plans, since it provides a set of data on the

physicochemical parameters of sea waters and the Ismi#dn of anthropogenic
pollution.

Keywords: Hydrodynamic Modéhg, Water Qualy, COPERNICUS services, Data
Analysis, Pollutantsaquaculture, heavy metals

Mariya Perepelytsya 8



@ AT TN = ROAQUAE

BARCELONATECH
b

Table of Contents
N 10 = o o PP 5
ACKNOWIEAGEMENTS.....ceiiiiiiiiiiie et e e e e e 6
Y 013 = Lo PP R PP PP PPPRUPPR 7
A 011 Yo [T £ T o I TP 14
1.1. Problem definition...........oooviiiiiiiiiiiiiiiiiei 15
1.2. ReSEarch ODJECHIVES.......uuiccccec e 17
1.3. Innovation and practical ValUe..................eueeeivmmmmimiiiiiiiiiiesieesse s eee e 18
2. Case study descriptioanEbro Delta, Spain...........cccevvveveiiiiiuieeiiieiiieiieninnnnn. 20
3. LILErature FEVIEW.......cceiiiiiiiiieiiiie ettt s s e e e e e e e e e e s eeene s 28
3.1. Mariculture market growth...........cccoooiiiiiiiiii e, 28
3.2, POllUtEd COASES......cce oo 29
0 N 111 (0 To =T o TP PP PP PP PUPPPPPPPPN 30
3.2.2.  PROSPNOIUS. ... 31
3.2.3.  EULrophiCatioN.........coiiiiiiieieeeee e 31
3.2.4.,  HEAVYMETAIS.......uiiiiiiiiiiieee e 32
3.2.4.1. Sediment influence and contamination...............cccccvvvvvreeeennnnn. 32
3.2.4.2.  Land POlULION........ccooeiiiieieieee e, 32
3.3. Heavymetal's pollution SOUICES........cccciiiiviiiiiiiiie e 33
3.3.1 Pollution sources in the Ebro Delta area.............cccceevvvvieeieiiiiciiiine, 34
3.4. Health CONSEQUENCES..........cevvviieiiiiiiiini e e e e e e e e e e 34

3.5. Cases of coastal areas contamination over the Mediterranean.Sea.....39

3.6. Legislation and frameworks, regulations.............ccccccceeeevnniiiiiiiiinnnee.. . 40
3.7. Global MOdElS OVEIVIEW.......ccoeiiiiiiiieiiieiee e 41
3.8. Modelintheresearch area...........ccccceeeeee e 42
/S Y/ 111 g T o (o] [0 s | VAP UPPTP R TPPPP 43
4.1, Data deSCrPLON........couuuiiiiii e 43
4.2. Modelling INStIUMENL.........oooiiiiii e eeaae 45
4.3. MOl PEIIOM.... ... 46
4.4. Bathymetry adaptation............coooviiiiiiiiiiiiiiieeeee e a7
T 1Y/ (o o [T BT (U o PP 48
ST LT ] 7SR 55

Mariya Perepelytsya 9



@ UMVERSTATPOLTECNICA <= 1) ROAQUAE+ Deltares

BARCELONATECH Enabhng Defta Lite _7-’
6.  DISCUSSION.....ciiiiiiiiiiii ettt e e e s e e e e e e e e e e e e aeaeas 63
7. CONCIUSIONS. ...ttt e e e e e e e s ssnbrrrrreeeeeeeeesd 66
8. RECOMMENUALIONS......cciiiiiiiiiiiiii it e e e e e e 68
BiDHOGrapNY.. ..o 71
Y 0] o L= T [ 79

Mariya Perepelytsya 10



@ UMVERSITATACUTECNCA == - JROAQUAE

BARCELONATECH

List of figures

Figure 1. Ebro Delta alluvial plain evolution. Sou(Barcelona Field Studies Centre,
120 SRS 17

Figure 2. Research artmation¢ Ebro River Delta, Spain. Source: earth.google 20m
Figure 3Ebro River Delta. NASA Earth Observatory image by Michael Taylor and Joshua

Stevens, using Landsat data. Source: earthobservatory.nasa.gov..................... 20
Figure 4. River Ebro catchment areaui®e:iber.chebro.es.........cccccvvvvvvviiiviinnnnns 21
Figure 5Morphologic development of the Ebro Delta, reconstruction. (Nienhuis et al,
12 0 ) TSR 21

Figure 6. Birds in the Ebro Delta wetland. Photo source: turismeamposta.cat...22
Figure 7.Alfacs Bay. NASA Earth Observatory image by Michael Taylor and Joshua

Stevens, using Landsat data. Source: earthobservatory.nasa.gov..................... 23
Figure 8. Fangar Bay. Source: google.COmM/MapS.........uuuvrruerrmmmmminiiiiieaneeneeeens 24
Figure 9. Fangar Bay aquaculture instédins. Source:

https://www.fepromodel.com/es/bahiagdelta-ebro..............ccoevvvevviiiiieiiiiniinnnnnnnn. 24
Figure 10. Ebro Delta aquaculture produ@surce: Nova Devimar....................... 27
Figure 11. Scheme of anthropogenic pollution sources and their impacts......... 29
Figure 12. Information gap assessment. Source: Gercia, et.al..2019................. 41
Figure 13. Variability in platform typologies. Source: Garcia et al., 2019............ 41
Figure 14. Ra bathymetry of the Ebro Delta. Source: EMODNET, DTM of.20187
Figure 15Adapted bathymetry profile...............coooviiiiiiieei s 47
Figure 16Unstructured grid over the domain...................ccooeeieeeeee, 48
Figure 17. DOmMaiN DOUNGAIIES. ........uuiiiiiiiiiieieiiiiiie e 49

Figure 18. Observation points and irrigation channels discharge points in AlfacsOBay.
Figure 19. Observation points and irrigation channels discharge points in Fandgz0 Bay.

Figure 20. Canals of Ebro river Delta and Ebro River.Split..............cccccoveennne. 51
Figure 21. Representation of sigma addyering for thevertical coordinate system (D
FIOW FIM, 20019)...c ittt ettt e e e e e e e e e s e st e e e e e aaaeesannnnes 51
Figure 22. Observation points in the research area...................ccccceeviiinniennnn. 52
Figure 23. Water level fluCtUatioN................ovvviiiiiiiiiiii e 53
Figure 24. Salinity variation graph in Alfacs Bay, range between 22 and.38.....55
Figure 25. Temperaturése in the Fangar bay...........cccccceeeeeiiiiiiiiiiiiiieeeeeeeee 55
Figure 26. Flow velocity variation in the study area.............ccccceveeiieeeriiniiiiiinnee, 56
Figure 27. Nitrate dispersion from the Ebro river on 06 August and 15 September, 2017.
Concetration varies from 010 15 MQ/l.....oooverriiiiiiiiii e 57
Figure 28. Nitrate dispersion from the Ebro river on 13 June and 25 July, 2017.
Concentration varies from 0to 15 mg/l..........cooeiiiiiiiiiiiii e, 57
Figure 29. COPPEr PrOPAJALION. ... ..uuiiiiiiiiiieeee ittt e e e e e e e s e e e e e e e e e aanas 58
Figure 30. Copper accumulation tendencies point 10 and.11..............ccccuveneee. 58
Figure 31. Timeseries of the Copper concentration fluctuation in the Alfacs bay mouth
Observation point 1 from 15 May till 15 September, 2017...........cccovvviveeeeenennnnn 59
Figure 32. Timeses of the Copper concentration fluctuation in the Alfacs bay end at
the Observation point 6 from 15 May till 15 September, 2017............ccccovvvunnnn.n. 59

|
Mariya Perepelytsya 11


https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715796
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715796
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715796
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715796
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715796
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715797
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715797
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715797
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715797
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715804
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715804
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715804
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715804
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715805
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715805
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715805
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715805
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715806
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715806
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715806
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715806
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715807
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715807
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715807
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715807
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715808
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715808
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715808
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715808
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715809
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715809
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715809
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715809
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715819
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715819
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715819
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715819
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715820
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715820
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715820
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715820
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715820
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715821
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715821
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715821
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715821
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715821
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715823
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715823
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715823
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715823
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715825
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715825
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715825
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715825
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715825

@ AT TN = ROAQUAE

BARCELONATECH

4

Figure 33. Nitrate propagation from discharge channels and Ebro river on 17 May, 13
June, 16July and 25 July, 2017. Concentration varies between 0 to 15 mg/l. Retrieved
from Delft3D FM 2019.02........cuiiiiiiiiiee ettt sniae e e e e e eneees 60
Figure 3. Nitrogen concentration fluctuation timeseries from 15 May to 15 September,
2017 at observation point § Alfacs Bay end............ccccceeeiieiii 61
Figure 35. Nitvgen concentration fluctuation timeseries from 15 May to 15 September,
2017 at observation point ¢ Alfacs Bay mouth.............ccoooiiiiiii e 61
Figure ®. Nitrate propagation from discharge channels and Ebro river on 06 August and
15 Sepember, 2017. Concentration varies between 0 to 15 mg/l. Retrieved from Delft3D
FIM 2009.02....ce ettt ettt e e e e ettt a e e e e e e e et e e e e et ae e e e e anrreaaeeas 61
Figure 37. Nitrogen concentration propagation at the observation point 25. Timeseries
15 May 15 September, 2017.........cooo e 62
Figure 38. Recommended area for the mariculture installations placement (shown in

|
Mariya Perepelytsya 12


https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715826
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715826
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715826
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715826
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715826
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715826
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715827
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715827
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715827
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715827
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715827
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715828
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715828
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715828
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715828
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715828
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715829
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715829
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715829
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715829
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715829
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715829
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715830
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715830
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715830
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715830
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715830
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715831
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715831
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715831
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715831
https://deltares-my.sharepoint.com/personal/mariya_perepelytsya_deltares_nl/Documents/Desktop/Deltares/Writings/Thesis_Final4.docx#_Toc17715831

@ b Caratwa A == EUROAQUAE Deltares

BARCELONATECH Enabhng Delta Lite  *

List of Acronyms

Al ¢ Aluminium

Asc Arsenic

BOD- Biological Oxygen Demand

Cd¢ Cadmium

CMEMS Copernicus Marine Environment Monitoring Service
COD- Chemical Oxygen Demand

Cu-Copper

DO- Dissolved Oxygen

Fec Ferrum

FM¢ Flexible mesh

IARG International Agency for Research on Cancer
MFS- Mediterranean Forecasting System

MPIOM- Max-Plankinstitute Global Ocean Model
PARSs Precision Approach Radars

Pbc¢ Lead

SI¢ International unit System

TAN- Total Ammonia Nitrogen

WQc¢ water quality
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1. Introduction
According to the United Nation$Vorld Population Prospecpopulation growth
statistical data and predicted valuasywadays we face the rapid growth of the human
population all over the world (UN2019). So, by mid2050 9.8 billion people are
expected in comparison with the 2018alue of 7.7 billion inhabitant§UN, 2019).
Therefore the world faces also the increasing deméodfood. Currently, among all the
food sectors in the world, aquaculture is the fastest developing one witlptadiction
being the main one to respond to projected growth in the demasraskafood products
(FAO, 2016; Kobayashi et al., 201Already, land resources, needed to meet the
demand of oAland aquacultureproduction, are scarce (Duarte et al., 2009; Gentry,
Froehlich, et al., 2017 herefore,offshore aquaculturdacilities are more beneficial
than onland or freshwater installations due to large ocean space avajlaloie the
rapid development of this branch tiie food market is observeduarte et al., 200P
Mariculture ¢ includes marine and coastal aquaculturemelyvariousmarine species
of fish, bivalves, crustaceararming in coastal ponds, estuaries, lagoons, {aaded
installations and ithe deep ocean (Clavelle et,&019). Unfed mariculture production
of filter-feeding molluscs andlivalves prevds now over marine finfish, shrimps and
prawns (Clavelle et al2019).Therefore the presented research is focused dine
assessment of thempact factors of thecoastal bivalve farmingsuch as physical
characteristics of thearea and water qualityln particular, the oyster and mussel
aguaculture facilities, based in two shallow estuaries in the Balearic Sea coast are
studied.Local aquaculture farms produce the biggest number of agsdad mussels in
Spain that brings 2 million euros annually per each kind of cultivated spédms.
details on the research problems astldy area location and are provided in chapters
1.1 and?2 of thisthesis

Water quality is one of theoremostmodern environmental issues. Dealing with it is one
of the core points to reach the sustainability of ecosysteRlanet’s coastal areas are
testified as being severelyharmed by anthropogenic pollution, that significarly
influencescommercial coastal and marine fisherigslam & Tanaka, 2004Dpue to the
inland contamination gurces pollutantsare washed to river deltas with floods and river
waters and, as a result, coastal area. So, disruptions in local ecosystems take place and
influence the quality of fish, shellfish and seaweed, snal reasorior their mortality in

the worst scenario. Thus, retime forecasting on hazardous chemicals concentration is
required to improve understanding of the environmental situation and to enable
tailored management and risk reaction plan development to enforce timely response
measures implementation in case of hazar@diSea, 2019)

Thee are numerous anthropogenic sources and types of contamination, such as
agriculture that uses fertders and pesticideto enhance the growth and protect the
products, urban discharges wiastewater that contain antibiotics, organic compounds
and urban ruroff waters, carrying oils, heavy metadd microplastis. The most
significant and hazardous pollution soursstill industrial plants that, depending on the
specialisation, dischargearious kinds of chemical compounti&t put ecosystems at
risk.

Mariya Perepelytsya 14
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Heavy metals are nedegradable elements that accumulate naturally in the coastal
areas. They pose a high risk to the living organisms as they can bind with the carbon
chains, so that bioauimulation takes place, with the rapid annual increase of metal
concentration year by year, if exposed to the heavy metal source continually.

1.1. Problem definition
Due to the aquaculture market growth, there ashigh demandfor developing new
installationsalongwith coastal areasBesides existing farms havthe potential foran
increasein their sustainability and, as a result, quality and efficiency of production.
However, offshore farms are highly dependent on local ectsyss, and bivalves are
sensitive to the fluctuations in water quality, temperature and sediment’s background
characteristics such as the optimal conditions for the Pacific oyster growththee
temperature of 20°C and 2251 salinity rates (FAO, 2019 ontamination severely
affects living organisms as a result of bioconcentrationvhen chemicatompounds
are absorbed from the environment to the body due to the lipophilicity of most
pollutants and biomagnificatiom an incease in the concentration of elements in the
food chain (Islam & Tanaka, 2004).

Legal demandaddressingvater qualityarerising and numerous policies ardirectives

are developed,such as the Water Framework Directiverinking Water Dective,
Nitrates Directive and many mor€he decisions, made in accord with the given policies,
have tobe weltsupportedwith respective documentand scientificallySo, numerical
models are applied for thdevelopment of solutions and are used as Decision &upp
Tools(Neveset al, 2014). So, diring the last decades, in accord with the introducing
environmental legislation restrictions, the neddr numerical modéing has raised
significantly. Therefore, along with increasing accessibiligotaputer powers, various
numerical models to better understand, reproduce and enable prediction systems of the
water dynamics, quality, climatéorcing, sediment transport and many more, were
developed. Simple models are often used to understand thederlying causes of
present phenomena (Murray, 2003), while complex models reproduce in details natural
environment or have a muHiriven approach to the poorly understood physical
processes (Nienhuis et al., 2016a). Therefore, the numerical modelling appi@ach
understand and solve various issues, and, in this case, the hydrodynamics and water
quality has proven its effectiveness over the yedfsreover, results of models prove

to be acceptable for the decisiemaking and now they are core tools for policy
development(Neveset al.,, 2014).

Currently, coastal pollution is the biggest threat to aquaculture farms and,
unfortunately, the main problem ishe lack of proper water and sediment quality
monitoring. As a result, these gaps in détat makes the knovedge regarding posed
problems ambiguous and therefore complicate modelling process. Thus, adequate on
site monitoring is vital to ensurthe proper scientific approacko the water quality,
physical parameters and flow forcing analysis, needed taldoee prior management

and hazard response plans development for aquaculture.sites
I ——
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Twomain groups opollutants affectaquaculture The first onasnutrients, that triggers
eutrophication and, as a result, phytoplankton excess developnigrg.second ones
pollution with pesticides and heavy metalBe first group of pollution problems for
aquafarmers is quiteapparent Moreover, in case of filteF S S Ra§uddliure farms,
research onthe oyster impact on the nutrient cycle shows that due to theecific
organism functioning, they cause denitrification of waters and sediments (Smyth et al
2016).Also, some research suggests application of oysters in algal bloom prevention
due to their ability to transform bi@vailable nitrogen into the inganic form
(Grabowski et a) 2012) At the same time, modern monitoring method$the nutrients
contents in waters, especially inlandare quite reliable and highly operational. As, in
addition to thepossibility of themodel setup, thereare remote sasing methods for
accessing turbidity, content of Chlorophglland Precision Approachddars (PAR}
which are quickly using a large number of satellite images available through various
sources, such as the European Union Prog@opernicusaimedto developEuropean
information services based on satellite Earth observation ¢&@@pernicus2019. At

the same time, lte problem of pollution with heavy metals and pesticides in coastal
areas still has very low recognitioand ontline assessma of pollution by substances
from this group is possible only by creating a higbolution model

Oysters and mussels are very vulnerable to various water quality parameters.
Considering that a lot of research is being conducted on the concentratiohsanfy
metals, antibiotics and pesticides in the soft tissues of, fisalvesand crustaceans
(Besada, Manuel Andrade, Schultze, & José Gonzalez, 2011; lamiceli et al., 2015; Ochoa,
Barata, & Riva, 2013; Ochoa et al., 2012; Squadrone et al., @0d§ollutants” effects

on the health of organismghese data are not directly related with the background
water quality inthe ecosystem. Thus, the absorption rates of various elements are
practically not analsed. Oysters and mussels are widely usely @s water quality bio
monitors. There is a lack of sufficient information regarding the concentrations and
impacts of heavy metals in seafood. In this way, consumers are exposed to humerous
potential risks. This creates a problem for aquaculture, asriad products are sent to

the market to consumers, which imposes stringent requirements on food quality.
Accordingly, in the absence of a timely response to anthropogenic and natural incidents
or neglecting the initial conditions when installing a new faequaculture is at risk of

high economic losses.

Despite the fact thahydrodynamics anavater quality modelling is developing rapidly
(Zalesny et al, 2017gxisting modelshave been developed for slightly different
purposes, namely, to gaingeneral understanding of current distribution, nitrification
and algal blooms, effects of climate change and macro pollution andllgeise models,
such as Copernicus Marine Environment Monitoring Service CMEMSPIatax
institute Global Ocean Model MPMOand Mediterranean Forecasting System MB&r
the entire Mediterraneansea andglobalocean areashave low resolution, measured in
kilometres. At the same time, aquaculture models require a high spatial resoluti®n of
to 200 meters, so that small baysare covered in detail and all possible sources of

pollution and biochemical processes are considel#@h this approach the particular
I ——
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needs of existing farms are addressed, as highly precise model can show flow and
contaminant propagation and it becomgsossible to access vulnerability of each
installation

Alsqg the aquaculture farmefown needs are not entirely clear for them. This is why
HiSea project aims to connect stakeholders with scientists and model developers to
create targeted, higlguality nodels for this sector

1.2. Research objectives
Due to the intensive development oféhcoastal farmingrespective assessment of the
stakeholder's needss addressed in this research, in order to develop relevant
management plans fothe aquaculture sector. The main objective of this research
project is to provide aquaculture enterprises with access to reliable analysis of
information on the impact of exteral sources on temperature and physicochemical
parameters of waterTo addresshis aim it is decided tatake an area that is located
within the Mediterranean basinTwo unique shallow bays in Delta Ebro, Spaare
taken as a case study ardais region is uniqugincethe modern Ebro Delta was shaped
within the past 200 yearsas in the # century AD the ancient Amposta was a seaport
(Fig.1)XBarcelona Field StudieCentre, 2018).

4. 17th-18th Century 5. 18th-19th Century 6. 1976

Figurel. Ebro Deltalluvial plain evolution. SourcéBarcelona Field Studies Centre, 2018).

Still, local bathymetry ischangingdue to the constant sediment transpoftom the
beaches adjusted for tourism needgnd anthropogenic influence of the changing of
river flow (Nienhuis, 2017)Therefore,local biochemical processsfightlyvary due to
changing conditions.

According to recent researches on the concentrations of hazardous compounds in
tissues of produced in Ebro Delta oysters and mussels, mercury and lead and other
heavy metals are accumulating in the products, that is related with the discharges from

|
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the Ebo river and discharge channels from rice fields. Therefore, in this research, the
impact of trese dischargemput on the environment of both bays is accessed.

When issues of eutrophication and nutrient pollution are widely known and addressed,
the problem of aquaculture products contamination with heavy metals is not obvious
for stakeholders. So, in this thesis, the detailed analysith@fimpacts of chemical
compounds on aquaculture products is performed. Also, the distribution of the
dissolved substams is accessed. The main objective is to provide local aquaculture
farms with the relevant operational data on potential risks, related to the input of
hazardous substances, and give solutions on the necessary response measures.

The general and final tgetof the HiSea projeas toensure the intensive development
of local aquaculture farms, improve their product quality and increase of profitability.
the scope of this thesishis comprehensive goal msddressedby creating a high
resolution deterministic model for visusalgphysical conditions in the aquaculture area
and analysis of contaminant’s propagation in bays.

Moreover, an additional goal of this work is to teke new software package Delft3D

FM Suite 2019.2 HMWQ, developed by the Deltares Research Institute. T dib ith
necessary to collect, assimilate and aisalgata from open sources and local research
institutes: the Institute for Agricultural Research and Technology (IRTA), the Spanish
Center for Oceanography and the Ebro River Basin Administrdtiather, using the
obtained model, determine the effect of freshwater inflow on the aquatic environment

of a closed bay and by its influence on the flow, temperature along with salinity
parameters and ana$g the primary sources andlirection of chemical pollutas
propagation.

1.3. Innovation and practical value
In this regardthe research is innovative because it is aimed at assessing the needs of
oyster and mussel farmeiia the first place and targets to enlighten all the problems
mentioned before So, thelatest release of the Delft3D FM 2019.02 Suite HMid/tDe
most upto-date software thatcorrespondgo the desired goalsThisfact provides the
add-on value to the conducted work, #ss an excelletm chance for software testing for
multiple purposes It allows to modelcomplex curvilinear and irregular coastal zones
with high precisiomwith its flexible mestandpossibility of application of-layeringadds
on the verticaprocess modellingrecision Thus, in this research | am making it possible
to create an innovative modelith a high resolution of 35 meters the area of
aguaculture installationstaking into accounthe temperature, salinity anl water level
oscillation,flow dynamicsand assessment of external impacts on water quality in the
region. An n-depth description of the used software suite and modet-sp can be
found in Chapter3. This will give an insight otihe quality and health of the local
ecosystem and will confirihe necessity of more systematic monitoring due to human
health hazards, restihg from the consumption of polluted aquaculture products, if
safety measures are not taken.

Also,the technicalpossibility ofonline ensemblecoupling ofthe used Delft3D 20102

with other open data platforms for data acquisitie®analysed.All in all, the resulting
I ——
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system will be used to create a platform for predicting water quality with a target
orientation on aquaculture needs.

|
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2. Case study descriptianEbro Delta, Spain

Ebro River DeltéFig.2, 3, located on thenorth-eastern coast of Spain, is taken as a
study area for thisesearch

Figure3. Ebro River Deltadl ASA Earth Observatory image by Michael Taylor and d&tBuens, using Landsat
data. Sourceearthobservatory.nasa.gov

|
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TheEbro River is théongest and mainwvater supply river in Spain. ltatchment area
occupies over 8530km? that counts almost 17%f the wholeO 2 dzy terNtBry)Big4)
(Nienhuis et al, 2017)t discharge#to the Balearic sea (CHEBRO, 2019). At the same
time, the delta’s area is more than B00 ha(Ochoa 2013)and penetrates for 22 km
into the Mediterranean SedVledWet, 2019.

Figured. River Ebro catchment area. Souiber.chebro.es

Thefinal formation of the Deltaoccurred within the pasBOOyearsand did not change
dramatically sincefrom the sediment, carried with the Ebro river flow from the
Pyrenees and the Cantabrian mountain rangRsé/er's delta formation refers back to
more than 6000 years BC, that hagially a form of an estuarthat has faced numerous
changes since then due #@vulsion process (river channel modification), anthropogenic
impact as dam construction along the river and past climate change (Nieahais
2017). Therefore, more sediment was brought with the river flow, that formed the
modern shape of the Ebro Delfgig. 5)

&

%
P& e” lobe
7

Start growth Growth Riet Vell Growth Sol de Riu Modern
Time —»

Figure5. Morphologic development of the Ebro Delta, reconstruction. (Nienhuis et al, 2017).
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Also,the Ebro River Deltes a natural reserve areandis an important wetland in the
WesternMediterraneancoast.Since 1983 almost @00 ha of the delta is a Natural Park
and is gpart of the Ebro Biosphere Reseridowadaysit hasa high importance status
as it hosts 8 rare plant species an@ nesting area for 316 bird spec{Efy.6) (MedWet,
2019)

Figure6. Birds in the Ebro Delta wetland. Photo source: turismeamposta.cat

The catchment andiver flow were intensively changed throughout the years for
agricultural and industrial purposes through lanse change. This caused the boost in
the pollution rates over the whole Ebro basin (Mafiosa et al. 2001). At the beginning of
the 20" century, the prominent chlorealkali factory was launched in the lower Ebro
River, only 95 km upstream from the delta. The plant was discharging untreated waters
directly to the river that triggered contaminant's accumulation in the sediment
(Carrasco et al., 201Bosch et al., 2009

Moreover, due to the dam establishment right next to the factory, most of the sediment,
counted in a range of 20000 to 360,000 tons, was trapped. In accord with recent
researches, deposits contain mostly high concentratmfireavy metalg Mercury (Hg),
Arsenic (As), Cadmium (Cd), Chromium), (Grad (Pb) and Selenium (f&ysch et al.
2009). So, still, the pollutants ararcied with the river flow down to the Delta area

the two shallow bays, formed during the last 200 years, in Ebro Delta, intensive mussel
and oyster farming takes place. In the region, offshore aquaculture is the second
economic activity after agriculte and counts up fomore than3,000 tons annually of
produced crustaeans (Ramoén et al. 2006choa, 2013).
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Alfacs Bay

Figure7. Alfacs BayNASA Earth Observatory image by Michael Taylor andd&huens, using Landsat data. Source:
earthobservatory.nasa.gov

Alfacs Bay is a Southern seaniclosed bay of the Ebro Delffaig.7). It is approximately

16 km long from the mouth to its head, 4 km wide and the mouth to the open seais 2.5
km. Depth varies betweeB to 10 m. Alfac88ayhas nearly stable stratification and is
classified as a salt wedge estuary. During most of the W40 months annually, it
collects the direct freshwater inputs from the drain channels of the rice cultivation (Serra
et al. 2007). The contribution distributes into three periods:

1) Summerg rice fields are flooded between April and September with the
discharge of 6 n¥/s;

2) Fallg discharge from fields September to January with Q=</am

3) Springg February to April is the dry period on rice fields (Cerralbo 2015).
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Fangar Bay

Fangaibay is the shallow bay, located in the northern part of the Ebro River delta area.
It is smaller than the southern one, with only 3m of average d€ptg8). Its length is
approximately 5.5 km and width 2 km that makes it overall a comgdesystem and an
area, very suitable for aquacultureqaiuction, that is rapidly developing in the area (Fig.

angar @
e
s

Figure8. Fangar Bay. Source: google.com/maps

Figure9. Fangar Bagquacultureinstallations. Sourcéittps://www.fepromodel.com/es/bahiaslelta-ebro
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Water quality

Water quality quantifies the water biological, chemical, physical and radiological
properties in relation to environmental and biotic species constraggsyell as human
necessities or anthropogenic use requirements. Frequently, it refers to a specific set of
standards in accomhce with the purpose of use. Commonly, water quality
specifications are associated with ecosystem stability, drinking water aedy@ay
domestic use (Diersing, 2009 & Liu, 2018)

Main water quality physical and chemiwvalriablesare Chemical Oxygen Deman@@D),
Dissolved Oxygen(DO, Biological Oxygen Demdn(BOD, pH, temperature,
conductivity, water level, turbidity, water level antbtal Ammonia Krogen (TAN.
Considering dissolved chemical compounds, the list of prohibited ones and
corresponding thresholdare constantly developing in accord with modern monitoring
techniques and capacities of laboratory equipment. These regulations also vary,
depending on the aims of water use. Nevertheless, maximum background
concentrations of noressential compounds in dace and marine waters in Europe are
established by the EU Water Framework Directive 2000/60/EC. The inadmissibility of the
heavy metals™ presence in water is directly relatedhis directive.

Chemical oxygen demand determines the amount of oxygenréaaitions can consume

in the solution. Irthe International System of Unit§}, it is rated in mg/l as a relation

of consumed oxygen mass to the water volume. Often by performing a COD test, it is
possible to measure the amount of dissolvagjianic compounds. Also, the COD test is
used to quantify the concentration of oxidised contaminants in the water column. Thus,
it is one of the strict limitation parameters for the release of wastewater back to the
water bodies.

Dissolved oxygen is onetbe most critical parameters for the water quality assessment.

It is vital for fish and zooplankton and variation of its concentration may cause anoxia or

hypoxia. In aquaculture fish in low DO conditions are more exposed to various diseases.

In literature, minimum recommended DO concentrations arg 4 LJLIY @ Oal NI Py
1994).

Biochemical oxygen demand is the oxygen extent required by aerobic organisms to
break down organics, present in water in specific temperature conditions and period.
Same as COD, haws the level of organic contamination, so evaluates the wastewater
treatment effectiveness and is measured in mg(Cat 20°C in 5 days of incubation.
Though, it is more specific than COD as it measures the level of biodegradable organic
matter insteadof accessing all the chemically oxidised compouhdé& Liu, 2018)

Main chemical water quality indicators define it full value physiological characteristics
and, what is moremportant,its compliance with standards, set in accord with purposes
of use. They includéhe balance of Ca, Na, (B®, (SQ)%, K, F that are essential for
proper organism functioning. For the remaining compounds such as heavy metals,
pesticides and otér elements, specific regulatory concentration thresholds are set, that
should not be exceeded eaclean and healthy environment.

Mariya Perepelytsya 25



BARCELONATECH

@ UMVERSITATACUTECNCA == - JROAQUAE

Aquaculture production in the area

The egion of Valenciadeveloped intoa Spanishnational hotspot of aquaculture

production, withthe output growth of 26.5%n only one yeain the seasorof 2010¢

2011 with more than 9278 metric tons of seafood valued at EUR 38 millid010, the

NEIA2Y Q& I ljdzlt Odz G dzNBE Sy i S NLINIRdMEditerranéaa 2 NI A & ¢
musselgMytilus galloprovincialis) worth EUR 1.9 and 1.7 million, respectively, togethe

with 4 metric tons of oysteréSedoodSource, 2019)

DeltiMussel and Musclarium

DeltiMussel coastal farm is locatedtime Ebro River Delta Natural Reserve and shares
more than 40000 square meters of its installations between the Alfacs and Fangar Bays.
Musclarium has its installations in the Fangar Béws area is known as the second most
valuable wetland zone of thdérian Peninsula. Also, some installations are located in
Valencia Port and now the productivity of the whole farm counts up to 25 metric tons
of mussels and 16.2 metric tons of oysters per year. Average monthly production of 2000
to 5000 dozenof oysters(1 dozen=12 oysterdy sold directly on the Spanish and
international market and to individual clients such as restaurants and hotel chdais.
farmed specieare described below.

Mytilus galloprovincialis

Mytilus galloprovincialisalso known as Mediterranean mussel, are grown on the
rectangular rafts of 200x15 meters that are attached to the seabed by concrete piles and
hold 2-3m long mussel ropes. They are molluscs with the average body size of 10-15 cm
with violet to black shells.

Crassostrea gigas

The Pacific cupped oyster is an estuarine speamgsis grown in the Alfacs and Fangar
Bays in two ways. One is floating production on floating nets, covered from the sun and
another is located in the Alfacs Bay mouth and is a type of waikmn culture, grown

on ropes. Once juveniles are settled for growth, they need from 18 to 30 radnth
reach the desired mass of £AL00 grams.

Nova Devimar

Alsoin the Ebro Delta Reserve in addition to offshore farms in the bays a mollusc
purification company is based. Once oysters and mussels reach their commercial size,
they are collected and sent to the purification and sorting facilities of Nova Devimar.
Marine products are selected, washed, packed and conserved in accord with the end
user requirements. The total capacity of the installatiothestreatment of up to 80,000

kg of molluscs dailfNova Devimar, 2019)

Main species, processed in the farm ancetathrough the purification processes are
Galician, Mediterranean and rock mussels, Pacific and Flat oysters and razor, coquina
and sea clamg-ig. 10)
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FigurelO. Ebro Delta aquaculture produc®&ource: Nova Devimar.
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3. Lterature review

3.1. Mariculture market growth
In the year 2016globally,the amount of farmed fish and products surpassed the
volumes of capturednes.According to (Duarte, Marba, & Holmer, Z)0offered on
the market marine products are more diverse ane tbrice range is expanded due to
the rapid pace of aquaculture species farming.

During the past thirty yearsaquaculture in the Mediterranean region has promptly
developed.Aquaculture due to the constant growth of production rates, from small
land-based installations changed into large enterprises. At faigyjaculture farmsvere
located on the coastline but latehoff-shore sites were created. Nowadajarms
produce the most commercially important marine fish species such as gilthead
seabream $parus auratpand European sea bagBicentrarchus labrgxalong with
bivalvesthe European musselMytilus galloprovincialis the European flat oyster
(Ostrea edulisand the Pacific oyste€(assostrea gigagFAO, 2014).

In the following tablesTable 1, 2the production and economical value trends in Europe
and in Spain can be observed. It is done according to the observed data and estimations
by the Food and Agmlture Organisation (FAO), and it is seen that aquaculture
production mass and stock value is upraising year by year since the last economic crisis
time (FAO, 2019).
Table 1. Marine area Oyster and Mussels production quantity in Spain and Europe (tones)

Year 2010 2011 2012 2013 2014 2015 2016 2017
Spain  Oysters 1301 1731 1170 927 926F  1024F 1013F  1033F

Mussels 187967 208583 203664 162012 220449 225308 215885F 241785

Total 189278 210314 204834 162939 221375 226332 216869 242818
Europe Oysters 95742 93776 94256 92870 92387 82790 82726 85043

Mussels 462074 483961 456399 411984 462219 477325 479531 498164

Total 557816 577738 550655 504854 554607 580115 562258 583207

Table 2. Aquaculture economical value estimation in (USD 000)
Year 2010 2011 2012 2013 2014 2015 2016 2017
Spain  Mussels 124225 154981 128890 106121 146621 127653 130499 147131
Oysters 6429 7566 5190 5100 4861 4447 4324 4029
Total 130654 162547 134080 111221 151482 132100 134823 151161
Europe Mussels 533370 608076 539472 552716 544026 465390 466922 492899
Oysters 513531 605264 583473 593977 545879 441035 433627 452799

Total 1046901 1213340 1122945 1146694 1089905 906425 900549 945699

|
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Nevertheless, there are still numerous issues that hold mariculture market
development, as it is highly vulnerable to water pollution and climate change, so
currently requires high investments that are barely paid (@ydin, Aydin, Saydut, &
Hamamci, 2009)Therefore, achieving the goal of precise andtiome water quality
monitoring is one of the critical steps to develop sustainable regulations and frameworks
for the aquaculture sectofLi & Liu, 2018)n order to increase the production efficiency
and business profitability, rather than expandifarming areas.

3.2. Polluted coasts
The marine environment, in general, is exposed to global pressures that are invasive
species distribution, pollution, overexploitation of resources, eutrophication, loss of the
coastal habitat and climate changeglobal sea level and temperature rise, iion in
chemical content and, as a result, biological processes disruption. Same problems are
observed in the Mediterranean Sea that comes mainly from the anthropogenic activities
¢ tourism, aquacultureand transportation(Fig.11).
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Figurell. Scheme of anthropogenic pollution sources and their impacts.

According to the recent analysis, coastal pollution is a -bmicern problem that
influences offshore aquaculture farms. As a result, to reach the sustainable
development goals and conservation of aquatic resources, marine pollution has to be
under precig control(Islam & Tanaka, 20043hellfish species farmed in bays are often
being exposed to the agriculturabfjutants as it is common to use them and wetlands
both for aquaculture and agrarian purpos@3choa et al., 2012Also, swage effluent
poses a significant direct or secondary impact on ecology and living organisms, as it
contains a wide range of harmful compounds, such as heavy metals, ti@oerds,

|
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viral, bacterial and protozoan pathogens, organic pollutants, toxic elements and a vast
variety of other organic and inorganic componerftslam & Tanaka, 2004Main
problems and pollution sources arestribed below.

3.2.1. Nitrogen
Due to increased anthropogenic activity during the last several decades, the amount of
bio-available Nitrogen, formed as a result of human activity, has increased drastically
and almost reached the natural rate of creation. In the year 2000 reactivecatiifi
regulated nitrogen creation was 165 TgN/year. This equals to thB538 of global
reactive nitrogen formation growth, taking into consideration the natural fixation rates.
Landbased sources are the main cause of nitrogen in trophic estuaries. Tius,
measure the level of nitrogen sources growth, it is necessary to compare human
controlled nitrogen production rates to the dand natural fixation. So, the recent
assumption is that approximately 60 TgN/year flows into the ocean through the rivers
that are twice more than 1860's estimation (Boyer et al., 2006; Boyer and Howarth,
2002 Girardet, Herbert,2008

Reactive Nitrogen is artificially created due to:

1. Synthetic nitrogen fertilisers production;

2. Stimulation of biological nitrogen fixation in agticwe;

3. Unintended release of chemically active nitrogen during combustion of fossil
fuels (Galloway et al., 2004).

Out of the mentioned processes, the most influential developed and geometrically
progressed one in terms of production rate the manufactwing of the synthetic
nitrogen fertiliser. It has developed a lot throughout the 20th century, and now the
fixation of synthetic ammonia dominates in agriculture, as more than a half of the
artificial fertilisers in the world has been produced since 138&warth et al., 2002a,
2005).

Also, the natural nitrogen cycle has undergone dramatic change due to the increased
agricultural activityg especially flux of the nutrient into rivers and further to the sea.
Even though riverine nitrogen flux is dependemt dimate, as it is higher in the areas
with the higher precipitation rate and discharges, the flux is firmly under the human
impact. For example, in the areas of the low human activity, the background rate of the
nitrogen washoff to the rivers is around00 (kg*kn?)/year, while in the regions, used
intensively for industrial and agricultural needs, it is more than 10 times hidber,
instanceas in the watersheds that reach the North Sea, where the nitrogen flux is
approx. 1500 (kg*kd)/year or the Mississippi river that carriesf@d of the natural
concentration in waters (Howarth et al., 1996).

Interestingly, higher concentrations of nitrates are associated with lower values of
conductivity. Irrigation waters from agricultural fild dissolve nitrogenous compounds

from fertilizers and so they are washed off to the coastal areas. As waters, rich in
dissolved nitrogen first discharge into coastal estuaries, it was possible to notice and

experimentally proof the fact that contaminateldgoons have decreased levels of
I ——
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salinity that also causea drop in the conductivity level§Morales, Marti, Llopis,
Campos, & Sagrado, 1999)

3.2.2. Phosphorus
The most often found form of phosphorus worldwigghosphates (F/), and it is ready
for biological absorption, so it has always been used as a fertiliser and in pesticide in
agriculture. Besides, phosphate and other forms of phosphorus are used in detergent
production and as a food additive. As a result, efegtilisation, industrial and domestic
wastewater discharge leads to the excess phosphorus concentrations in surfaems wat
that end up in the coastal area and open ocean waters. Thus, to avoid eutrophication of
the aquatic media, it is necessary to monitor and access phosphorus content in media.
Currently, it is 0.12% of phosphorus in the Earth crust, and it is mostlyl fioumineral
form ¢ vivianite, chlorapatite, fluorapatite and phosphorites. Apatites are considered as
the most extensive stock of phosphate on Earth and are almost insoluble in water.

Phosphorus is known as the main nutrient for the aquatic environmedtfannow, is
considered as the critical compound that influences marine productivity drastically.
Most of the phosphorus in the seawater comes from its resuspension from the sediment
that has a significant impact on the marine nutrient dynamics. In thig, water quality

is under the considerable influence of the phosphorus concentration in the water
column, which high level may lead to eutrophication. Thus, not all the phosphorus
fractions cause eutrophication, so it is necessary to assess the contevdriolus
fractions in addition to the total phosphorus concentration measurement to predict the
risk of eutrophication in the marine environment.

Major sources of phosphorus in seawater column are agriculture, untreated sewage
water release and sedimentlmpact of sediment resuspension on seawater is
dependent on the chemical form of phosphofiended compounds and has to be
studied to understand if deposits act as a source of phosphorus release and in this way
accelerate eutrophication process or it abssithe nutrient(Aydin et al., 2009)

3.2.3. Eutrophication
Eutrophication is one of the foremost worldwide issues of the coastal area during
several decades, that increases from year to year and boosts dimensions and occurrence
frequency of harmful algal blooms, that causes also anoxic and hypoxic conditions,
degradation of the natural habitat and, therefore, loss of biodiversity, disruption in the
food-web (Howarth et al., 2000; NRC, 2000; Boesch, 2002). Mostly, this process is caused
by a high concentration afitrogen in the water column and also the availahjlibf
phosphorus that is the reason for excess phytoplankton growth. In particular, coastal
flora and fauna are exposed to harmful akeffects in closed estuaries and lagoons
(NRC, 2000; Howatrth et al.,2005; Howarth and Marino, 2006).

Coastal ecosystemespond to nutrient overload in two broad ways. Direct and thefirst
seen reactions are shifts in chlorophyll concentrations, primary production rates, algal
biomass, algal blooms occurrence, and organic matter sedimentation patterns. Indirect
responsesnclude sediment biogeochemistry variations, transformations in benthos
I ——
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community structures and biomass, changes in food chain structure, alterations of
dissolved oxygen and water transparency, and mortality of marine orgar(iShoern

2001). Reduction oivater transparency and intensity of light, passing to the deeper
layers, is one ofhe indirect responses to increamy of plankton biomass. Though, it
limits submerged vascular plants’ development and growth. Intensive algae bloom
cause hypoxia buihe final collapse of algae leads to anoxic regime development and
mass benthos and marine organisms’ mortality. Due to this, changes in species
composition, marine community structures and functions are quite likely to change.
Moreover, one of the most hazards consequences that follow seawater pollutisn

red tidesq toxic algal bloomglslam, 2005)The main species are dinoflagellates, which
intensive growth may lead tilne release of toxic substances and cause illnesses or lethal
cases to aquatic organisms and people. In case of severe blooms, neurotoxins enter
OADIt 3SaQ o0f 22 RisadBsh dfe. FokhNRag=s Kde is & Basah for
respiratory problems development, but another threat appears through shellfish
contamination. Shellfish, oysters, clams and coquinas in particular, can accumulate so
many toxins that they become toxim humans. All in all, eutrophication causes
deterioration of the environmental quality and in such way has a negative impact on the
amenity, recreational values and the tourist industry in addition to the ecological and
biological losse@islam, 2005)

3.2.4. Heavy metals

3.2.4.1. Sediment influence and contamination
Sediments are made of organic and inorganic particulate matter that has complex
chemical, physical and biological characteristics. Some elements can be absorbed by
deposit from the water column, and for this reason, it may have a much higher
concentration of heavy metals and other chemical compounds. So, sediments are
suitable for pollution monitoring. Nonetheless, deposits may also be considered as a
source of contamination due to resuspension, redox reaction, adsorptive particles
degradation, remobilizabn and desorption processes. For this reason, it has a long
term impact on the water quality and food chain, so wetfied quality monitoring and
pollution source detection is necessdialantzi et al., @1.3)

Metals and phosphorus are binding to the sediment particles due to ionic exchange with
iron and manganese coatings. Due to this, numerousabmumulating toxic pollutants

are deposited to sediments and are also associated with organic carbeiramnsferred

as river sediment to the estuaries. It was researched that almost 90% of phosphorus flux
in freshwaters occurs due to the sediment transport in Europe and North An{ésiaen

& Tanaka, 2004)

3.2.4.2. Land pollution
Agricultural pollution affects the environment by bioconcentratiogrwhen chemical
compounds are absorbed from the surrounding environment thi organism due to

|
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the lipophilicity of most of the pollutants and biomagnificatignincreasing of the
element concentration in a food chaffslam & Tanaka, 2004)

Pesticides are chemical substances that purpose to kill pests, including insects, rodents,
fungi and unwanted plants (weeds). This term incorporates all of the herbicides,
insecticides, nematicide, nlascicide, piscicide, avicide, rodenticide, bactericide, insect
and animal repellents, animal, fungicide, disinfectants and sanit(ze& Liu, 2018)in

public health, Pestidies assist in destroying vectors of disease, such as mosquitoes. It is
necessary to apply and dispose of pesticides appropriately due to their potential toxicity
to other nontargeted organisms (WHO,20019Moreover, more copious amounts of
various pesticids are used recently. As a result, residual pesticides are infiltrated into
groundwater tables, washed off to the surface waters and brought to the sea, that lead
to toxic effects on organisms and plarfts & Liu, 2018)

Impacts of pesticides are very complex and are regarded as an indicator of potential
human health disruptors if any effects on the organisms or ecological level are found.
One of the main issues is that theseegtis are hard to recognisas they are mostly
chronic. Mainly, they include cancer, lesion or tumalevelopment, failure of the
reproductive function, disruptions of the endocrine and immune systems, DNA,
molecular or cellular damages, low remwhite cell ratio in the blood, excessive slime
on fish scale and gills or even fatal cases of organisnssiliyg these effects are the
result not of the pesticides, heavy metals or organic contamination but of combined
exposure to the environmental stresses, that also inclpdéhogens, eutrophication,
oxygen depletion. In any case, the whole trophic chaiafiected (Islam & Tanaka,
2004)

3.3. Heavy metal s @lution sources
Mercury

Main sources of mercury (Hg) contamination are discharges from urban and industrial
wastewater treatment plants, agricultural substances, mining, smelting and combustion
(Zzhang and Wong, 2007). In tlibroriver, Hg originates from theelectro-chemical
factory that was establishedt the end of the 19 century and produces chlorinated
solventslt is located®0 km upstreanof the river delta,on the bank of thd-lixreservar
(Carrasco et al., 2011)

Cadmium

The major source of Cadmium is also chemical compounds, such as pesticides, used in
agriculture. This theory is supported with an example of the coastal area near the Mali
Ston Bay to the south from the Istrian Peninsula. Local mussels shogfezt kadmium
concentrations than other closely located-stiore farms that occurred due to the influx

of fresh water into the bay from the Neretva river. Contaminated river load with
absorbed trace elements is brought with the flow, that disposes oferbty(Kljakovic:

Gagic™ et al.,2007). Sdhe same pattern is observed in the Mediterranean coast in
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general. Another source of this heavy metal is again the cldtkali factory in Flix
(Bosch et al., 2009)

Lead, Arsenic, Cuprum and Zinc

Main source of lead contamination in the Ebro delta is the Flix faq®ogch et al.,
2009) Due to the longime of its operation time, sediments, highly enriched with Lead,
are dispersed over 100 km of the river until it is released intostee.  Other elements
mainly originate from fertilisers and pesticides used in agriculture in the region.

3.3.1 Pollution sources in thebro Deltaarea

Overall, in the area surrounding the Ebro Delta, two main pollution sources are present.
The main oneis industrial plants, located upstream, that discharge heavy metals,
especially Hg and Pb into Ebro river waters and over the past 50 years contaminated
river sediment. Due to this, continuous resuspension and the additional load of
contaminated sedimentinto the bays are presenfThe ®cond origin of pollution is
agriculture due to intensive use of pesticides, reach with trace metals and fertilisers,
that are a source of excess nutrienf®choa et al., 2013)Moreover, because the
ceramic industry located in the region of Valencia uses pigments that contain lead and
cadmium, coastal sediments and waters are carrying these hazardous elements
(Morales et al., 1999)

3.4. Health consequences
There is a list of elements that are essential for human body funatimimc, copper,
selenium, chromium, cobalt, iodine manganese, molybdenum and the body regulates
their absorption. They are vital for the proper enzyme and bioactive substances
functioning. Due to this fact, deficiency of any of the elements expresses in a group of
symptoms, so that deficiency identification of one particular element becomes
problematic(Wada, 2004)However, an excess of metals leads to a negative impact on
human health. In addition, there is a whole group of heavy metals, the damage from
which is lard to overestimate.

Heavy metals are pollutants of crucial environmental concern due to the high toxicity
rate and bioaccumulation, so constant monitoring is neces@doyales et al., 1999)In
accord with Davies, 1978ten main heavy metals were concerned as toxic and have
been restricted in many countries but not worldwide. They were systematized according
to their toxicity level and appear as follows: mercury, cadmium, silver, ngglehium,

lead, copper, chromium, arsenic and zinc.

alAytes KSIFIge YSaGlrta INBE Faaz20AladSR gAGK (K
the heavy metals bind with sulfhydryl groups of the living organistrucial proteins

and enzymes. In phytoplankioand other marine algae metals also impact cellular

integrity. Furthermore, metals tend to concentrate in the organism's liver and muscles,

that leads to numerous responses, such as lung pathologies, lymphocytic infiltration,
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fatty degeneration and decreing nutritional state. Moreover, lead, mercury and
cadmium are potential immunsuppressantgislam & Tanaka, 2004

According to Jezierska and Witeska (2006), Labile metal compounds are considered as
the most hazardous ones to the fish health as they are classified as-satdile heavy
metals. So, environmental factors do influence significantly the accumulaai@nof

heavy metals in bivalves that include various ionic forms with different consumption
bioavailability. This statement is confirmed by numerous researches and data
assimilated, for instance heavy metal in fish organs accumulation studies by Ghibsh an
Adhikari (2006), Mohammadnabizadeh et al. (2014) and Velma et al. (2009) that proved
the fact that most of the heavy metals present in water are in labile form.

Mercury

One of the metals that need particular concern is Mercury. This trace metal hak a hig
potential level of neurotoxicity. Exposure to any waseduble forms of this metal, such

as mercuric chloride or methylmercu(@H3Hg)vapaur inhalation or consuming metal

with food results to the severe poisoninylethyl-mercury (CH3HQ) is the mostxio

form of mercury, and affects the immune system, alters genetic and enzyme systems,
and damages the nervous system.

C2NJ YFENRYS YIEYYIfaQ YSNODANEIORYyDHBYEaSH 148 YVAK
posea high risk to their lives. This metal hasigh level of biemagnification in the

trophic chain and ageelated accumulation in the tissues due to its long persistence and

high rates of mobility in the ecosysteftslam & Tanaka, 2004)Jntil now the primary

source of mercury for humans is marine f(€choa et al., 2013Fish is more likely to

accumulate methylmercury in its muscle tissues and viscera rather than depurate it, so
concentrations increase over time. Now, Mercury poisoning is called Minamata disease

after numerous cases in Japén & Liu, 2018)

Cadmium

Another nonessential metal for organisms is Cadmium that is also considered as a highly
toxic compound for wildlife andhe human body. Longerm exposure to this metal
severely dects kidneys, brain, lungs and placenta. International Agency for Research on
Cancer (IARC) has classified it to the first group of carcinogenic compounds as it affects
kidney, lung and liver cells (FAO/WHO, 2011). Regarding this, divalent Cadmium ions
(@d?Yare particularly dangerous due to the fact that their atomic radius almost perfectly
coincides with the radius afivalent calcium ions (3. Thus, cadmium carries out its
toxic impact, causes cells’ death and destroys tissues obtip@nism by substituting
calcium in cells, that is a vital regulator of intracellular processes. (SRKID9
Moreover, vitamin D metabolism undergoes severe disruptions due to cadmium
induced failure of kidneys, that causes lower rates of calcium abisarpnd triggers
osteoporosis and osteopenia progression, peculiarly for pregnant and multiparous
women. It isthe neurotoxic, genotoxic and nephrotoxic elemeAtgrong influence on
endocrine, reproductive, dmatological and immune systems was deteraun
according to the recent public health researches ((EFSA, 2009), (ATSDR, 2012). Same
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patterns are observed and valid for marine mammals. Cadmium levels in kidneys of
harbour porpoises in the eastern Scottish coastrerlinked with their age(lslam &
Tanaka, 2004)

Due to all the abovenentioned effectsthe use of cadmium is decreasing all over the
world, as itis listed inthe European Restriction of Hazardo8sbstances (Morrow,
2010). So, nickehetal hybride and lithiuron batteries substitute the nickeladmium
ones(Li & Liu, 2018)

Nickel

Nickel is one of the essential for organisms and plants functioning metal, as it is one of
the constituents of the enzyme’s active sites. Nevertheless, overconsumption and being
a compound of hazardous alloys it may cause respiratory problems, dermatitisjed
growth, degenerative disorders and hypegmgmia(Li & Liu, 2018)

Selenium

According to WADAWada, 2004) some symptoms of excess concentrations of
Selenium inthe human organism are central neural system disorders, selenosis, nail
detachment andhlopecia.

Lead

One of the most toxic elements that severely disrupt metabolism in Lead. This
neurotoxin accrues in bones and soft tissues of lungs, liver, spleen and kidneys.
Moreover, lead ions (Pb 2+) can overcome the blboain barrier and reach placéa
(GwaltneyBrant and Rumbeiha, 2002) and causes cell membrane destruction, enzyme
function and tissue structure disruption. Also, lead causes blood disorders and mutilates
the nervous system, that is especially harméuthildren. They have a high riskbrain
damages even whethe blood level was normalize(.i & Liu, 2018)Nevertheless, it is
rarely found in high concentrations in shellfish as bioavailable dissolvethamtietary

lead is seldom with an exception for highly polluted zones and sediments (Ochoa, 2013).

Copper

Copper is also one of the vital metals in the diet as it is a main component of the
cytochromec-oxydase respiratory enzyme complex. In crustaceants molluscsit is
essential forthe formation of the hemocyanin blood pigment, whereas other
vertebrates and fish have irdoased laemoglobin insteadLi & Liu, 2018) So, it has a
tendency to bioaccumulation in fish tissues, having its toxic impact even at the molecular
level and their level of copper accumulation may reach the concentration of hundreds
to thousandsof times above the concentration measured in theofl) water and
sediments (EMoselhy et al., 2014; Kumar & Prabhahar, 2012). One of the important
functions of copper is its use as an algaecide (Ajani & Akpoilih, 2010; Carvalho &
Fernandes, 2006), which is globally used to kill algae and to preventimloéing killed

or harmed. However, this application is not safe for all aquatic organisms, especially fish
Fa AG OFry SlraAirfte SydSNI 6KS FAaKQa o62Reée NB3I
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liver regulates copper metabolism and is crucial for @ppomeostasis (Das & Gupta,
2013).

Fish are relatively sensitive to the changes that occur in their surroundings, including an
increase in pollution. The health of fish may thus reflect and display the health status of
a specific aquatic ecosystem. Eaidxic effects of pollution are only evident at the
cellular or tissue level before significant changes can be identified in the physical
appearance and behaviour of the fish.

Heavy metals accumulated in the gills will affect the respiration and osmaegul
processes, causing cellular damage to gill cells (Maharajan et al., 2016; Pandey et al.,
2008). A study by Figueiredeernandes et al. (2007) @ddreochromis niloticuseated

with copper showed similar abnormalities in the gill tissues includindnejoim lifting,
interstitial oedema, lamellae fusion and lamellae aneurysm. Aneurysm caugma

were observed to be clearly related to shaoerm copper exposure, while lamellae
fusion was related to chronic exposure of copper (Khabbazi et al.,; Zddkilah,
Sabullah, Yasid, Shamaan, & Island, 2018)

Excess state symptoms for human consumers are nausea, vomiting, heartburn,
diarrhoea, jaundice, hemoglobinuria, hematuria, oliguria, anuria, hypotension, coma,
melena(Wada, 2004alongside the liver and kidney damageaamia, immunotoxicity

and developmental toxicitfATSDR, 2004).

Chromium

One of the metals which properties depend on the chemical form is Chromium. While
trivalent chromium (Cr(lll)) in trace concentrations is necessary for lipid, sugar and
insulin metabolisms, its hexavalent form (Cr(V1)) is considered carcinogenic anfditoxic
organismg(Li & Liu, 2018)XMorales et al., 1999)Consuming this form of mat may
NBadzZ & Ay a1AY YR YdzO2al Qa ANNROFGAZ2Y S
Simultaneously, overconsumption of trivalent chromium may cause disordeifsein
central neural system, malfunction of kidneys and liver, growth retardation andesau

with vomiting at the early stag@Vada, 2004)

Zinc

Excess state symptoms of zinc presence in organism count in case ofteshort
exposure some FEu deficiency, nausea, vomiting, abdominal pain, hyperamylasemia,
somnolence, hypotension, lurdema and diarrbea. Consequences of the lotgrm
exposue are becoming chronic and include reduced reproductive function, dwarfism,
taste disorder, hyposmia and a@mmia and severe neurological diseagétada, 2004)
(Hedera et al., 2009). Consumption of excess zincaase ataxia, lethargy, and copper
deficiency (Li &Liu, 2018)

Manganese

Manganese is a highly toxic, and several studies have suggested that ingestion of water
and/or foodstuffs containing increased concentrations of this trace element may result
in adverse neurological effects (ATSDR, 2012).
I ——
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high Fe intake and/or Fe stores with an increased risk of chronic diseases such as
cardiovascular disease, type Il diabetes and cancer of the gastrointestinal tract (EFSA,
2004).

All in all, regular monitoring of metals and their various forms and compsainel
essential for the safe and sustainable development of aquaculture. At the same time,
research on the distribution of metals in coastal waters is currently extremely
insufficient. Studies are generalized, and higholution mathematical models in the
coastal zone, especially important and tailored for the development of aquaculture are
not developed at all. Thus, one of the core goals of this stutheiassessment of the
distribution of heavy metals in coastal waters.
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3.5. Cases of coastal areas comiaationover the Mediterranean Sea
Several types of research, conducted during the past five years in lagoons and estuaries
of the Mediterranean Sea confirm the necessity of continuous water quality and
sediment monitoring to meet the requirements of the food safety standards for
crustaceas and bivalves, massively produced ingfbre farms.

In 2016(Esposito et al., 2B) conducted an assessment of heavy metal contamination

in four lagoons of Sardinia, used for extensive aquaculture production. Researches used
an autochthonous clanfRuditapes decussatufgom off-shore farms as a biomonitor.

The analysis of neassertial trace elements has shown high concentrations of
Aluminum in samples, that corresponds to potential exceeding of provisional tolerable
weekly (PTWI) level if and adult consumes 340 g and a child of 25kg only 120g of clams
from Santa Gilla lagoon weekly San Teodoro samples have shown twice lower
concentrations of Aluminum that still poses a high risk, especially for childit@s.
contamination is explained by the presence of the fluorochemical plant near the lagoon.

Another example is the Tagus estydhat receives the waters of the second biggest
river in the Iberian Peninsula and, at the same time, is a major seaport and hosts
commercial and fishing activities (Chainho et al., 2014; Duarte et al., 2014). The
threshold for the maximum concentrationsf chromium, nickel, cadmium and
argentum were not exceeded, wherelgsadandarsenicconcentrations in Barreiro Bay
were higher than allowed maximums for clams, that becomes a serious concern for the
health of consumers. Nevertheless, sediments of esésashowed that levels of As, Pb,
Hg, Zn, Ni were higher than standards pgrmissible exposure limitPED due to
metallurgic and chemical industries in the ar@@hiesa et al., 2018)

At the same time, statistical analysis of ressential elements concentration fiat
oysters Ostrea edulisandMediterraneanmusselgMytilus galoprovincialjs produced

on the aquaculture farms in the Croatian coast in Mali Ston Bay, Istrian Penikskda
estuary and Novigrad Sea, was performed. The results show that continuous
consumption of oysters produced on local farms poses risks for human health due to the
fact that concentrations of carcinogenic element Cadmium exceed weekly intake limits
by32%6 . Af I YROAD SG | fdX HAamMcO

Lastly, investigation oMediterraneanmussels Mytilus galloprovincialis and Pasific
oysters Crassostrea gigasrom the aquaculture facilities in the Gulf of La Spéltédy)

has shownthat copper and zinc concentrations in oysters were higher than
recommended values. At the same time, mussels could comprise risk for humans due to
exceeding the tolerable daily intake threshold for alumin{8quadrone et al., 2016)

More researches, in addition to presented four above, confirm the necessity of constant
analysis and monitoring of the trace elements in water and sedimentsavicinity of
aguaculture facilities prior the assessment of heavy metal contamination in crustaceans
and bivalvefLi & Liu, 2018)

|
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3.6. Legislation and frameworksggulations
Currently, surface water quality standards are regulated by the Water Framework
Directive 2000/60/EC of the European Parliament and Council. It had set up precise
standards for maximum allowable concentrations of substances and physical
parameers that define water quality and has set goals for the sustainable development
andreachingthes® £ ft SR a322R adl ddza¢ 2F adzaNFIF OS | yI

Maximum concentrations of elements in food products are listed icoet with the

European Union legisliain (no. 1881/2006 (European Commission 2006))/ So that the
YFEAYdzY tAYAG F2NI KSIF@ge YvYSilta Ay SRA6tS 68
M®p >3k I MBANGLME shToler&knSe (MTL) recommended by the European

[ 2YYA&aaArzy HBHENtIGTImModo IAXxALE YR [/ RFcdc >3Tk IS
content. Maximum tolerable levels for essential elements such as Zn, Cu, and As are set

yet neither on European nor on Spanish local le€shoa et al.,, 2013)Though,

European Food Safetjuthority has set consumptions rate of theeavy metals of

interest as follows:

1 Copper¢ 5mg/day for adilts,

1 Zincg 25 mg/day;

1 Iron¢recommended dietary intake levels are 45 mg and 40 mg for children and
adults, respectively. Thuthe upper intake limit is still not decided;

1 Manganese; 11 mg/day of the Upper Intake level for adults (ATSDR, 2012);

 Cadmiumct n >3k R &toff7@kdgd |y | R dz

1 Aluminium¢ 10 mg/week of a tolerable intake level.

In 1995 the Action Plan for the Protection of the Marine Environment and the
Sustainable Development of the Coastal Areas of the Mediterranean (MAP Phase Il) was
implemented to substitute tb Mediterranean Action Plan of 1975. The new plan of the
Barcelona Convention developed seven Protocols to address specific aspects and set
goals for the future of Mediterranean environmental conservation. Moreover,
Horizon2020 initiative was based on theonvention withthe main objective to
determine and deal with the main pollution sources in the Mediterranean area.
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3.7. Global model®verview
According to the latest research on data acquisition and analysis of the existing models
in the Mediterranean Sea, conducted by Dr Garcia (Garcia,..e2@l19), that included
accessing 122 data platforms and almost 500 records, coastal water quality for the
European Union member states receives some recognition. Though, least information is
availabé regardingthe status of fisheries and human activities in the Balearic area
(Fig12).
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GOS0 o and eroson pr
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HOOL anthropogenic ath

HO02 construction and structures

HOO4 fisheries

HOOS human activity

MO0 meteocology

TOO1 terrestrial including bathymetry and under sea features
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Figurel2. Information gap assessment. Sourcards, et.al. 2019.

Moreover, assessment of
online platform typologies
has shown that only around
2% of modern data platforms
provide users with readyo-

* use online models.
o Interestingly, numerical of
remote-sensing models
make an assessment on
o R nitrate  and  phosphate
e D e I concentration parameters in
the water column and have
Figurel3. Variability in platform typologies. Source: Garcia et al., 201¢ OpP€en data occur onIy 4 times

in databases while heavy
metals data appear less than 3 times or are not mentioned &FaglL3).

N
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3.8. Model inthe research area
In the research area of Ebro rivddelta the model that aimed to ssess the
hydrodynamic response of the Alfacs bay to local wind direction and seiches. Seasonal
and spatial variabilities of the residual flow circulation were investigatethyear of
2013 ¢ 2014 Cerralbg 2018) Thus, due to the fact that mentioned reseh hada
different objective tharthe currentone research and was not aiming tleentaminant
propagation modetevelopment, its results are used to gain a gehenderdanding
regarding the flow characteristics in the bay. Moreoversthesis research takes into
consideration not the singlebay but has &ophisticatedapproach to the whole Delta.
Therefore, to answer the posed questions and necessities of the aquezgtcilities in
the area, the decision was made to sgi a new highresolution integrated
hydrodynamicand transport model.

|
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4. Methodology
The posed problem requires a sophisticated approach. To fulfil the main task of studying
the spread of pollutantén the area that is intensively used faquaculturepurposes, it
iIs necessary to develop an integrated hydrodynaard water modek. Water quality
models represent the movement of substances entering the domain through lateral
inflows, point sources or boundaries, taking thalready present background
concentrations of substances as initial conditions. Simultaneously, the specific chemical
and biological behaviour of pollutants are assessed. Groups of substances are included
in modelling due & their interconnection. For instance, the sedimentation rate of
adsorbed cadmium is associated with a sedimentation rate of inorganic suspended
particles inthe water column (Delf8D Flow-FM manual 2019. In thisway, the fluid
dynamicsare characterizél accurately and freshwater influxas well as chemical,
biological reactions in the water columare represened. Therefore, the integrated
modelling approach is chosen for this research.
The following chaptedescribesthe technical decisions that were made in order to
address the research targets.

4.1. Datadescription
For the hydrodynamicsind water quality model setip, calibration and validatign
several datasets are used. Derived products include remote sensing dagdy in
measurements and continuously analysed and upgradedneteorological
hydrodynamic and ecosystem models. In this case, descent spatial coverage with data
of the domain is reached and with supplementansitu time series model validation is
performed

Copernicus Marine Environment Monitoring Service (CMEMS)

For thehydrodynamicsand water quality assessmerthe datasets fronthe Copernicus
services are used. Sea level, ocean colour and sea surface datagathered by the
Sentinel3 satellite remoé sensing Then, itis further operated in the data assembly
centres that develop and run neaeakttime forecasting numerical models for normal
and longitudinal currents, Chlorophyd| nutrients, water turbidity as well as climate
change,ecosystems (phytoplankton, zooplankton, fish stock) and wea{GMEMS
www.esa.int)

For this study the following datasets from Copernicus Marine Environment Monitoring
Service (CMEMS) are used:

1. MEDITERRANEAN SEA PHYSICS ANALYSIS AND FORECAST

Hourly dataof modelled current velocities (northward and southward), surface and sea
bottom temperatures, salinity and sea surface above geoid time series of a horizontal
grid resolution of 1/24 degred€approx.4.6km) with 141 unevenly distributed depth
layers (Clemetn et al., 2019).The hydrodynamics are supplied by the Nucleus for
European Modelling of the Ocean (NEMO v3.6) while the wave component is provided
by Wave WatcHll; the model solutions are corrected by a variational data assimilation
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scheme (3DVAR) oemperature and salinity vertical profiles and aleingck satellite
Sea Level Anomaly observations (CMEMS www.esa.int).

2. MEDITERRANEAN SBKSITU NEAR REAME OBSERVATIONS

In-situ observation dataf the seawater temperature, direction geawater velocity, practical
salinity and other variables, not useth this project, is collected by thdn-Situ Thematic
Assembly Centre (INS TA@Y updated on the CMEMS portal seaktimes per day.

3. MEDITERRAMN SEA BIOGEOCHEMISTRY ANALYSIS AND FORECAST

Also, thesea surface éight abovethe geoid,daily nutrients neafforecastmodel data

of satellite chlorophyll imagery in 3D with mass concentrations of chlorophyll, mole
concentrations of phytoplankton expresd as carbon, dissolved oxygen, nitrates and
phosphates along with primary production rate assimilation is used (Bolzon G., et al,
2017).

In-situ measurements

In order to represent dynamics and physicochemical praesissboth baysn the most
accurate waythe freshwater influx is taken into account. Due to this the Ebro river,
canal De la Dreta del Ebre and canal de I'Esquerra del Ebre discharges, water level and
temperature hourly time series were obtained from the SAIH (Automayidrélogic
Information System) of the Ebro river basin portal. For the heavy metal and nutrients
concentration semannual, monthly, weekly and daily datasets were obtained from the
CHEBTro analytical data portal CHEbro (chebrole#f)is casethe tempord resolution
depends on the compound of interest and its monitoring frequency. The fiftesmute
time-series is available for nitrate and phosphate concentration in freshwater (on special
request), that allowgnakinga high-precision model and near realtime prediction
system. On the contrary, heavy metals and pesticides concentrations are measured once
per haltyear,asthe heavy metasampling frequencyegulationin Spairis flexibleand

is accessed on monthly basis on2®% of sampling stations (EEZ2019) In the year

2012 and 2013, though, these measurements are available on the mdvdkig, that
allows to have the understanding of the background levels and estimate current rates
of pollution, as agricultural methods did not change drasticallyaist 7 years.

As there is a high impact of the discharge canals of the rice fields in the Ebro area on the
Fangar and Alfacs Bays due to the constant freshwater inflow, local discharge data for
the model setup is needed. Frésvater inputs have to be caidered as it causes
stratification in coastal sea waters, decrease in salinity and fluctuations in water
temperature along with the sediment transport and rofff water from the fields that

are rich with dissolved fertiders and pesticides. Thougtiye to the lack of constant
measurements, discharge rate tinseries were generated based on the literature
review that gives values of 6¥s (Navarrg 2009 and 10 m?¥s (Cerralbo, 2018) from

each channel. So, theonstant dischargéme-seriesof 10 m3/s were used
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Water flow, conductivity, transparency and salinity data inside the bays was obtained
from the insitu experiments, done by the IRTA researches. This data does not have
constant temporal coverageut gives an indicationfahe dynamics patterns the bays.

Last but not least, water quality measurements with nutrients, heavy metal and
pesticide concentrations were gathered from the 25 observation stations in the Delta
area we obtained on special request from the Catalan Water Agency.

4.2. Modellinglnstrument

Delft3D FM Suite

TheDelft3D FM Suite enables amegrated approach fohydrodynamic, water quality
andwaves modelling in one, two or threelimensioral applications

Delft3DFlow Flexible Mesh

In order b model hydrodynamic and transport processes, that result from the tidal and
meteorological forcingthe Delft3D Flow Flexible Mesh (FurtherBlow FM)moduleis

used. The Brlow FM solves the unsteady shallow water equations in two (depth
averaged) or in three dimensions. The system of equations consists of the horizontal
equations of motion, the continuity equation, and the transport equations for
conservatie constituents. The continuity equation is solved implicitly for the whole grid
when time integration is explicit for the part of the advection term. It is estimated that
the modelled fluid is incompressible and therefore Navier Stokes equations with the
Boussinesq and shallow water assumptions are solved. Vertical acceleration is
neglected, so the hydrostatic pressure equation is used and vertical velocities in 3D
models are calculated from the continuity equation.

In comparison with other software, it eneficial due to the possibility of unstructured
grid application consisting of triangles, quadrangles, pentagons and hexagons that
allows to model complex areas, for instancarvilinear coastlines, ports or lagoofi®

Flow FMUM, 2019) The structuredgrid representation is not smoo#noughfor curved

land boundaries, that leads to irregularity in border representation and, thus,
discretizationerrors. For the vertical grid seip inthis 3D simulationsetup, (i K S
layering is used, as better represents the stratificatiorcompared tofixed Zlayer
coordinates, that are, though, also available in the package.
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4.3. Model period

According to the assessment of the ecosystem impacts on oysters in both Alfacs and
FangamBays and recent statistics, oyster mortality often occurs in the summer period, in
May and June especially. This tendency is associated with the time of major use of
pesticides in the rice fields of the Ebro Delta. Local agriculture uses up to 20r3Q0
approxmately twenty-five chemical compounds with organophosphates being the
major pesticidgKuster et al., 2008; Mafiosa et al., 2001).

Moreover, according to (Ochaa al,, 2012) mortality rate of oysters varies from year to
year. For example, during the experiment period in June 2008, the oyster mortality rate
was between 1519% in Alfacs Bay ane?b% in Fangar Bay, while in June 2009 mortality
rate rose from 10% to 70% Alfacs Bay and 20% to 80% in Fangar Bay.

At the same time, both bays receive fresh water from the drain channels that bring
residual water from the rice fields, and their input discharge differs throughout the year.
During the summer period between Apand September average discharge rate from
the channels i$ - 10 m¥/s (Cerralbo, Espino, & Grifoll, 201@erralbo, Espino, Grifoll,

& ValleLevinson, 2019)Therefore, this research aims to model the summer period
since the discharges from the dnathannels are high at this seasand pesticide use

on rice fields is at the peak during June.

Also, as previous hydrodynamic models were made in the Alfagsarea in 2013 and
now it can be seen that bathymetry profile has changed slightly since then, it was
decided to model the period of 15 May to 15 September 2017. Moreover, duleeto
advancesin remote sensinginstruments satellite data starting fromahuary 2017
became more precisdt is important as the CMEM$nodelled and validated output
datasets ofcurrents, salinity, turbidity, temperature and nutrient concentrations are
used as boundary conditions inputs and amv available with higher timé&requency,

as daily average measurements are substituted with hourly tsexes Moreover,
spatial resolution changed from 0.125x0.125 degree (13.5x13.5 km approx.) to
0.042x0.042 degree (4.5x4.5 km approx.) Also, genematiye data is available for this
year.
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4.4. Bathymetry adaptation
: Tl Local bathymetry is one of the
critical components for the real
representation of the
' hydrodynamic processes.Sea
bed profile of the research area
was obtained from the

EMODNET Bathymetry samwi
portal as a DTM file (Digital
Elevation) of 2018 scanning with
161m grid resolution.

Though, in the area dhe Ebro
Delta, as it can be seen dhe
; bathymetry map belowFig. 4),
Figurel4. Real bathymetry of the Ebro Delt&ource: EMODNE" there is a structure in the coastal
DTM of 2018. area that elevates from the sea for
more than 20 meters, while
surrounding bed level varies betweehlm to-20 m deep. Supposedly, according to
EMODNET portal data and the form of thlevated area, this construction could be an
airport. In the open map servic&oogle Maps this area is an open sea. Such an obstacle
would cause local flow irregularities such as vortexes and also still z8mes this
artificial island is not locateoh the area of interest and, moreover, due to the secrecy
of the construction for the public, it was decided to erase the construction from the
bathymetry profile.

This procedure was donaith the help of QGIS software, where the construction was
deleted and then the interpolation of surrounding bathymetry was méeig.b).

<

Lage
| » Honfia

Figurelbs. ’Adapted bathymetry profile.

Mariya Perepelytsya 47



BARCELONATECH

@ AL TEONCA == R OAQUAE
%

4.5. Model setup
To address the aims of this research, the study domain of approximately 80x35 km was
selected around the Ebro Delta area. Sudhrgespatial coverage issedto assess the
influence of current®n the bays andb avoidcomputationalinstabilitiesand unwanted
boundary effectghat may occur if the boundary conditions are located too close to the
area of interest. Initially, the regular coarse grid of 4500m resolution was created that
was transformed into the irregular gritiat hasrectangularand triangular cell¢Fig.B).
2 AGK 1 fS@St a gidrefidemént, thad dividgs Bhe ditlelDiiai4é2-by-
2), the 35m resolution in Alfacs and Fangar Bays areas was redghedo this, the
resolution of the model grid ighe following, from the outer coarse resolution to the
inner higher resolution T TR

1. 4500 m \
. 2250 m

2 ; =
3. 1125 m

4. 562.5m é),

5. 281 m ’*g%

6. 141 m -

7. 70m P

8. 35m & ?‘“’Jiﬁ -

It is also possible to  /

continue refinement and :

reacha higherresolution £

in the area. Nevertheless

because aquaculture \

installations

approx. 150 mfrom the

shorelineand of20-50 m

width each it is decided Figure16. Unstructured grid over the domain.
for the project purposes

of keepingthe resolution of 35 metersin this way, the precise representati of local
shoreline and complex geometry achievedNevertheless, in case highest precision in
the simulation of the transport and biochemical processes is requrelft3D FM Suite

allowsusto change the grid resolution without disruption to tmeodel set up in the
domain.

Initial conditions

Initial conditions of water level, temperature and salinity are uniform for the first model
run, and are as follows:

Water level = Om
Initial temperature = 19.8C

Salinity = 38 ppt
I ——
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For the final seup, the initial condition file data is used, that is the representation of
the introduced salinity and temperature initial data over the whole domain at each grid
cell.

Boundary Conditions

As boundary conditions the water level, normal and tangential velagigalinity and
temperature time series are assigned for the overall 2253 steps of hourly simulation that
start: on 15 May 2017 and ends on 15 September 2017. So, corresponding time series
of northward and eastward velocities, salinity, temperature and water level (steric and
tide) are assignedn 12 points of South boundary, 21 points of the Long Boundary and
11 atthe North Boundary, respective(fig. T).

Figurel7. Domain boundaries.

These points represent the corners of grid cells and then data is uniform over the cell.
Freshwater inputs represented with discharge, salinity and teraijpee are assigned as
boundary conditions on the river delta. Source points are tigetll discharge channels

in AlfacqFig.B) and 11in Fangar Bay@-ig.B). Thisdecision was made due to the fact
that channels discharge into shallow bays and thiepats are irregular, as during winter

time there is no discharge at all or the number of channels can change with years. Thus,
usingsource points for the irregular inputepresentation provides more flexibility and
accuracy. The discharge rate of channels is assigned withm&/d@alue, according to

the recent literature observation data (Cerralbo, 2018), due to the fact thasitan
measurements were not taken in redeyears.
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Figurel9. Observation points and irrigation channels discharge points in Fangar Bay.

Two main irrigation ltannels that startnear Xerta 50km upstream, Canal Margen
Izquerda and Canal Margen Derecha discharges were set as source points too. As the
river splits into two streams just prior falling into the sea but the discharge of the right
split is not measuredthe discharge rates of Canal Margen Derecha were assigned to
that stream(Fig. 20)

|
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Figure20. Canals of Ebro river Delta and Ebro River Split.

12 sigma layers are assigned to perform the 3D computation. This approetbsisn
over the Zlayer vertical coordinate system due to its flexibility and the fact that it
represents reality and reflects on physical flow processes with higtmrracy(Fig.21).

g=1

/I/Hf

o=0 7]

Figure21l. Representation of sigma arzayering forthe vertical coordinate sysm (BFlow FM, 2019).

Boundary conditions are assigned on all the depth layers, respectively.
Online data acquisition from the CMEMS platform

During the model setip process, the boundary conditions daissigning is an important
step. At first, data of the northward and eastward currents, temperature, salinity and
water level were separately retrieved from the CMEMS platform as *.nc files. As the
grid, developed in this research, has different resolutiamd does not precisely
correspond with the datdnolding points of the obtained datasets, therefore data
interpolation procedure was required. The nearest neighbour interpolation method was
chosen due to the fact that the resolution of data holding grid #relassigned at the
model boundaries are almost the sam&670m and 4500m, respectively. Initially, to
address this purpose, the Python algorithm was usagpéndiy. Each boundary
condition, naming water level, salinity, temperature, northward andwasd velocities
I ——
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had to be processed and retrieved individually. Therefore, despite the certain level of
automatization, inserting data to the boundary points was very tmoasuming.
Moreover, the question of the possibility of using the northward andwagds currents

data in the graphical interface appeared. In this case, during the computation, the
normal and tangential velocities should be assigned at each boundary point according
to the software numerical grid, so that the rotation factor should kppleed to the
northward and eastward velocities data. Nevertheless, it was clarified that this is not a
limitation of the software, as internal code treats the X, direction data regardless the

grid linearization but, in this case, data should be asgign the software governing
codes.

Moreover, during the process of the data treatment for the modehget the technical
possibility of automatic data execution from the CMEMS database and conversizn to
FLOW FM boundary condition filess offered byDeltares colleagues. As a result, this
script for automatic data retrieval from the Copernicus database was applied for the first
time in the Mediterranean Sea during this model-sgt Therefore, now, for future flow
models setup that requires deefsea dta, instant data acquisition and interpolation,
adjusted to the desired boundary condition point location, this script can be used.

Calibration

Model calibration is done by comparison of the model output data witksiin
observations. The observation daits assigned at 26 observation points (E&), located

in the coastal area. This is done by executing salinity, temperature, water level and flow
graphs from the observation points. Then,Quickplot andExcel obtainedand real
observation graphs were compared.

Figure22. Observation points in the research area.

|
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Figure23. Water level fluctuation.

Firstly, as it can be seen on (g, the water level changes aacdue to the tidal
regime. Also, the rates are low, as generally in the Mediterranean area, so the maximum
rise is of 10 cm and drop of 4 cm, in relation with the initial water level of 0 m, assigned
to the domain.

On this graph the salinitjuctuation timeseries can be seen at the observation point 1.

This corresponds to the reabservation data of the salinity in the Alfacs Bay.
I ——
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