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Abstract

The design of an integrated monitoring network uisédr the early-warning, the
management and mitigation of both the environmeamdl socio-economic costs of
hypoxia/anoxia events in the Northern Adriatic ¢absone, south of the mouth of
the Po river, is described in the contribute. Is Heen developed within the
EMMA research project (Environmental Managemenbuigh Monitoring and
Modelling of Anoxia; LIFEO4ENV/IT/0479) (2004-200.7)

Over the past few decades, hypoxia events haverestly affected the coastal
zone of Emilia Romagna Region (ltaly). Data cdbecby the C.Z. lying in the
Province of Rimini, because of its economic impoct are presented. The area is
subjected to intense anthropogenic pressure duks tugh population (416 000
equivalent inhabitants) with tourist seasonal peaksip to 973 110 equivalent
inhabitants (in summer time), to industrial andi@gtural activity, to maritime
traffic and nutrient river discharges (about 60fstg’ of nitrogen and 300 tons'y
of phosphorus, in 2002). Hypoxia and anoxia hanegative effect on the quality
of bathing waters as well as on fishing and mufa®hing, which are important
activities for the economy of the area. The plagrohthe monitoring network has
been carried out by analyzing the scientific knalgle on hypoxia in the local area;
its integration with other existing monitoring adties, available facilities and data
resources was considered in order to optimizeaeftesttiveness of the network.

INTRODUCTION

Over the past few decades both coastal eutropbicaind hypoxia have
become such widespread phenomena to be regardethoger, global scale rather
than on local scale [1]. The causes of hypoxia lmeen generally associated with
an excess of nutrient inputs (anthropogenic loaspecially nitrogen, although the
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response of each marine ecosystem to the anthropogeessure is strongly
modulated by physical processes, such as timingtmaitification, mixing and
circulation at regional and local scales [2], [B]}. Even global scale factors, as
climate change, may alter the coastal ecosystepmn[a local scale and, coupled
with the increase of human population in thesesarisey could further exacerbate
the problems related to the occurrence of anoxi laypoxia [4]. The North
Adriatic Sea is a highly productive area of the Medanean, nevertheless
production processes in this basin show a high teat@nd spatial variability, as a
result of the interactions between meteorologyerrinputs, nutrient dynamics,
circulation and exchange with the central Adridiasin [2], [5], [6]. These varying
conditions play a role in the occurrence of lardgshmre anoxia and hypoxia
events [7], [8] and mucilages [2], [9], [10], [11h the North Adriatic, hypoxia
and anoxia events occur mainly in the western g@adt have been reported since
the beginning of the last century [12]. The impoda of the benthic-pelagic
coupling is not negligible in the area and increasih decreasing water depth and
nutrient loading. Knowledge of sea floor charastess is therefore important for
studying hypo-anoxia phenomenon, as they can detergonditions favourable
for the local development of such events. In thettN@estern Adriatic shelf, the
presence of organic matter deposits, very readbvenicrobic degradation, can
influence the oxygen budget in the bottom wateo#h) lon seasonal and pluriannual
time scales [13], [14], [15]. The continental inpgjive large supplies of inorganic
nutrients, dissolved organic matter and suspendeaftem which cause
eutrophication and hypoxic events often debatedesithe 1970s [2]. As a
consequence, regular monitoring programmes, suggdoy regional institutions,
have been carried out since 1977 [16]). EMMA prbjeas its focus on the coastal
zone, including the City of Rimini, with the aim dduilding an integrated
monitoring network for managing and reducing theact of hypoxia events on
the economy of this area. The project was carrigdim collaboration with the
National Institute of Biology of Slovenia (NIB), wdh was also involved in the
monitoring programs of eutrophication and hypoxiargs in the Slovenian part of
the Adriatic Sea [17], [18], [19], [20], [21]. Them of this contribute is to present
the scientific background work for planning theiatt and the building of a
remote data acquisition system.
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STUDY SITE.

Within the coastal zone under Emilia Romagna Regiasdiction, 40 km
of coast corresponding to the province of Riminetvieen Cesenatico and
Cattolica, was chosen for the EMMA project (Fig.Ihe area is characterized by
very shallow waters, the water column structurestr®ngly influenced by the
freshwater inputs of the River Po and of other llegcater courses, which induce a
complex pattern of circulation mostly dominatedtive off-shore waters by a
southward flowing current (West Adriatic Curreat)surface [2], [6]. High levels
of nutrients, dissolved organic matter [22], [2B4], [25], [26] and suspended
particulate matter [27]) are advected in this calasbne in concomitance with the
spreading of the coastal front. Primary productemd chlorophyll-a (Chl-a)
concentrations are high in these coastal waters [28], particularly in a narrow
coastal belt within few miles from the coast (26Q gi” year' and 3.64 + 4.69Qg
dm?, respectively; [29]). Temporal variations in thetemsion of low-salinity
coastal waters also exert a strong influence ordépmsition and biogeochemistry
of sediments [15], [14]). A net sediment accumolatcharacterizes the benthic
compartment along the Italian coast South of thedBlva, including the area
studied by EMMA (0.15 g cihyear; [13]).
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EMMA research project (real
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Fig. 1 - Study area
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ANALYSIS OF HYPOXIC/ANOXIC EVENTS IN THE COASTAL ZONE
OF RIMINI IN THE PAST
The coastal waters of the NW Adriatic are very @pitic, particularly

South of the Po River delta, along the coast ofllBnRomagna down to Mount
Conero (Marche). High algal biomasses are formed asnsequence of diatom
and dinoflagellate blooms. Hyperproduction of exaedaand possible formation of
large mucilage aggregates have also affected this a
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Fig. 2 - Anoxic and hypoxic conditions in coastal watersefR. in September 2002
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High production events and stable meteorologicadimmns often lead to
hypoxia or even anoxia in deeper waters, which eg®end over hundreds of
square kilometres. Usually, the major events boedkn proximity to the Po Delta
spreading southward, showing dynamics stronglytedlto riverine discharges and
the circulation. Actually, analysis of the datapded by the regional monitoring
of the Emilia Romagna coast confirms that wide y@almost never originates in
the area between Cesenatico and Cattolica, but tstatevelop in the northern
coastal area and are advected southward, as shpwime kepisode in September
2002 (fig.1). Concentrations of dissolved oxygessleghan 3 mg dr are
considered critical for marine benthonic organisrnglow these values their
metabolism slows, they suffer and are in dangédfeof1]. In the North Adriatic, in
particular, massive mortality of benthonic commiasitstarts at values around 0.7
mg dn¥®, while the mortality of more sensitive and weakwdividuals has been
observed at values below 1.4 mgdm

Past data show that the frequency of hypoxia eveagsncreased since the
1970s [30].Studies on the local benthic foraminiferal assomiet in the sediments
near the delta of the Po have suggested a stdadilgasing eutrophication since
1900, with a more frequent marked occurrence ofokigp and anoxia during
summers from the 1960s onwards [31]. Recentlypnatilegislation has reduced
the amount of phosphorus in detergents progressik@in 6%, in 1982, to 1% in
1989. On a local scale, the analysis of data gathby the regional monitoring
network in the coastal zone of Rimini shows thaygen deficiencies have
occurred quite often in the period 1994-2004. Hyaokas affected waters
extending from the beach to 6 km offshore. Thesntsvoften occur in summer
and autumn (particularly October and Novemb@ther hypoxia events have been
reported on a local scale, within the bathing (800 m from the coast) or in the
inner brackish canals connected to the sea. They @aised by the degradation of
high algal biomasses, accumulated from strong fuaofl scarce circulation.
Overall, these studies indicate the presence @ketlmnain types of hypoxia and
anoxia events in the area:

» large coastal events, often originating in the Ndfmilia Romagna coast and
advected southward to the coastal zone of Rimini;
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e coastal events originating in the Rimini area, Wwhiay extend to offshore
waters or be exacerbated by the influx of low-oxygdfshore waters toward
the coast.

* Local events, originating in brackish waters by sual conditions of high
runoff, scarce circulation and strong stratificatio

SOCIO-ECONOMIC RELEVANCE OF THE REGION AND INVENTORY
OF ANTHROPOGENIC LOADS IN THE PROVINCE OF RIMINI.

Undoubtedly, from a demographic and socio-econgarspective, Emilia
Romagna is important not only for Italy, but foletEuropean Community as a
whole. The population in this region has increasadkedly from World War Il up
to the 1970s, later stabilizing to around 4m intaalis, corresponding to 6.9% of
the national population. The population density high (180 inhab. ki),
especially in the plain and along the coast, wighks of 871 inhab./khin Rimini.
Industry employs 1.5 million people, and tourisnowh a constant increment of
visitors (+15% over the decade 1992-2001 with 3A4Biors in 2001) particularly
along the coast (74%). Fishing contributed to #gianal economy in 2001 with
14 587 t y* of fish, corresponding to a wholesale value of088 000 €, and with
amounts ranging from 800 to 1 800 't yover the decade 1994-2004, whereas
aquaculture over the same period ranged from 1t&@000 tons/y. From these
data it is clear that anthropogenic loads in chastders of the region are high.
Estimated as equivalent inhabitants (resident @joul + tourism + industry), they
peak at 6.7m in summer, corresponding to a 5.4rmaraverage, whereas sewage
disposal plants operating in the area are ableetti toads corresponding to 6.2m
eg. inh. [32].

The Province of Rimini has increased its economdativiies and
population over the past few decades (up to 416e@0@h.). The city and the coast
attract most of the tourism of the four Rivieraypnzes (Fig. 3). It amounts to the
20% of visitors to the whole region. Fishing andaacplture contributes both to the
local and regional economies in a significant walyout 1 000 tonsjand 1 400
tons y*, while contributions from agriculture and industgncnot be neglected.
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Fig. 3 - Density of inhabitantand tourists in 4 provinces along the coast of
Emilia Romagna from 1999 to 2003

The anthropogenic loads into fresh and marine abasaters of the
province are high (peaks of almost 1m eq.inh. immer), and may not be
completely compensated by the available disposaitpl(corresponding to about
900 000 eg.inh.), that in 2002 discharged at seaitabs tons { of P and about
250 tons § of N. The river Marecchia discharge, in the samarywas about 300
tons y* and 600 tonsy respectively (ARPAER-SOD data). For these reastbmes,
area of Rimini may be considered as a case stuslyr&ble to other coastal zones
affected by environmental problems due to similambinations of high human
population, tourism, maritime traffic, industriatavities, fishing and aquaculture.

REFERENCES
[1] Wu, R. S. SHypoxia: from molecular responses to ecosystenmoresgs
Marine Pollution Bullettin 2002, 45: 35-45.

[2] Vollenweider, R. A., R. Marchetti & R. VivianMarine Coastal
Eutrophication in: Vollenweider, R.A., R Marchetti & R. Viviarieds), Elsevier.
Amsterdam 1992, pp. 581.

21C October 5-8, 2010 - Bologna (Italy)



CHINA-ITALY BILATERAL SYMPOSIUM ON THE COASTAL ZONE AND CONTINENTAL SHELF EVOLUTION TREND

[3] Gabric, A. J. & P. R. F. BelReview of the effects of non-point nutrient
loading on coastal ecosystemsistralian Journal of Marine & Freshwater
Research 1993, 44: 261-283Yyingston, R. J. Eutrophication processes in cast
systems: origin and succession of plankton bloamasedfects on secondary
production. Marine Science Series 2001, Vol.22, GR€ss, 352 pp.

[4] IPCC 1997 The regional impacts of climate change: an assessofe
vulnerability. Summary for polymake(®Vatson R.T., Zinyowera M.C., Moss
R.H., Dokken D.J. Eds.) A special report of Intargmmental Panel on Climate
Change, Working Group Il. OMM, WMO, PNUE, UNEP. /3.

[5] Harding, L. W. jr., D. Degobbis & R. Precdfroduction and fate of
phytoplankton: annual cycles and Interannual vatiigb. In Malone T.C., A.
Malej, L.W. Harding, N. Smodlaka & R.E. Turner (gdscosystem at the Land-
Sea Margin — Drainage Basin to Coastal Sea. CaastbEstuarine Studies 55.
American Geophysical Union, Washington DC 1999,-132.

[6] Poulain, P. M., V. H. Kourafalou & B. Cushman-Rais\lorthern Adriatic

Sea in: Cushman-Roisin, B., M. G&, P.M. Poulain, A. Artegiani (eds), Physical
oceanography of the Adriatic Sea. Past, PresenFande. Kluwer Accademic
Publishers, Dordrecht, Boston, London 2001, pp-16&3

[7] Degobbis, D., N. Smodlaka, I. Pojed, A. Skrivani®R&Precalilncreased
eutrophication of the Northern Adriatic Sédarine Pollution Bulletin 1979, 10:
298-301.

[8] Simunovic, A., C. Piccinetti & M. Zore Armandéill of benthic organisms as
a response to an anoxic state in the northern Aidri@ critical review). Acta
Adriatica 1999, 40: 37-64.

[9] Sellner, K. G. & S. Fonda-Umaridinoflagellate blooms and mucilage
production.In Malone T.C., A. Malej, L.W. Harding, N. Smodm& R.E. Turner
(eds), Ecosystem at the Land-Sea Margin — DraiBage to Coastal Sea. Coastal
and Estuarine Studies 55. American Geophysical ijidashington DC, 1999,
173-206.

[10] Cozzi, S., I. Iva&i¢, G. Catalano, T. Djakovac & D. Degobli®yynamics of
the oceanographic properties during mucilage appeae in the northern Adriatic
Sea: analysis of the 1997 event in comparison tliee@vents Journal of Marine
Systems 2004, 50: 223-241.

[11] Giani, M., D. Degobbis & A. RinaldMucilages in the Adriatic and
Tyrrhenian Seadn: (Giani M., Degobbis D., Rinaldi A. eds.). Suie of The
Total Environment 2005, 353(1-3):1-380.

[12] Justic, D., T. Legovic & L. Rottini-Sandrinlrends in oxygen content 1911-
1984 and occurrence of benthic mortality in thethern Adriatic SeaEstuarine,
Coastal and Shelf Science 1987, 25: 435-445

October 5-8, 2010 - Bologna (Italy) 211



CHINA-ITALY BILATERAL SYMPOSIUM ON THE COASTAL ZONE AND CONTINENTAL SHELF EVOLUTION TREND

[13] Frignani, M., L. Langone, M. Ravaioli, D. Sorgerfe Alvisi & S.
Albertazzi.Fine sediment mass balance in the western Adrcaintinental shelf
over a century time scal&arine Geology 2005, 222-223: 113-133.

[14] Ravaioli, M., F. Alvisi & L. M. Vitturi. Dolomite as a tracer for sediment
transport and deposition on the northwestern Adciabntinental shelf (Adriatic
Sea, Italy) Continental Shelf Research 2003, 23: 1359-1377.

[15] Alvisi, F., M. Frignani & M. RavaioliSeasonal and pluri-annual variability
of sediment accumulation and organic matter flurgbe northwestern Adriatic
Shelf and its relationship with the frontal syst€themistry and Ecology 2002, 18:
143-154,

[16] Rinaldi A. & G. MontanariEutrofizzazione delle acque costiere emiliano
romagnole, strategia perseguita nella definizioeemrogrammi di ricerca e
risultati conseguitiNova Thalassia 1986, 8: 291-304.

[17] Faganeli, J., A. Avcin, N. Fanuko, A. Malej, V. kuP. Tusnik, B. Vriser &
A. Vukovic. Bottom Layer Anoxia in the Central Part of the GaflfTrieste in the
Late Summer of 198®1arine Pollution Bulletin 1985, 16: 75-78

[18] Olivotti, R., J. Faganeli & A. Maleutrophication of coastal waters - Gulf
of Trieste Water Science & Technology 1986, 18: 303-316.

[19] Malej, A. & V. Malacic.Factors affecting bottom layer oxygen depletion in
the Gulf of Trieste (Adriatic Sea)\nnales Series Historia Naturalis 1995, 5: 33-42.

[20] Turk, V. & B. Potocnik.Pollution hot spots and sensitive areas along the
Slovenian coastAnnales Series Historia Naturalis 2001, 11: 289:2

[21] Turk, V., A. Malej, O. Bajt, J. Franc, P. Mozetk, Ramsak, M. Horvat, R.
Milacic, J. Scancar & D. Bosnjaklational monitoring programme of Slovenia:
programme for the assessment and control of polut the Mediterranean
region (MED POL - PHASE 1)1 report 2005, (Reports MBS - Marine Biological
Station, 83). Piran: National Institute of Biolodytarine biological Station,
February 2006. 50 pp.

[22] Marchetti, R. & N. VernaQuantification of the phoaphorus and nitrogen
loads in the minor rivers of the Emilia-romagna sbétaly). A methodological
study on the use of theoretical coefficients icalating the loadsin:
Vollenweider R.A., R. Marchetti & R. Viviani (eddyjarine Coastal
Eutrophication. Elsevier, Amsterdam 1992, 315-336.

[23] Provini, A., G. Crosa & R. Marchetti, 1999utrient export from the Po and
Adige river basin over the last 20 yeairs, Vollenweider R.A., R. Marchetti &
R.Viviani (eds), Marine Coastal Eutrophication.dsier. Amsterdam, pp. 291-
313.

[24] Pettine, M., L. Patrolecco, M. Manganelli, S. Capi. G. Farrace.
Seasonal variation of dissolved organic mattemi@ horthern Adriatic Sea
Marine Chemistry 1999, 64: 153-1609.

212 October 5-8, 2010 - Bologna (Italy)



CHINA-ITALY BILATERAL SYMPOSIUM ON THE COASTAL ZONE AND CONTINENTAL SHELF EVOLUTION TREND

[25] Cozzi, S., G. Bortoluzzi, A. Di Maio & M. Maelli. 3-D structure of the
marine coastal front and quantitative estimatiomafrient budgets in a seawater
volume of the NW Adriatic Sed.S.Z.N. Marine Ecology 2002a, 23(Suppl. 2002):
111-121

[26] Cozzi, S., M. Lipizer, C. Cantoni & G. CatataNutrient balance in the
ecosystem of the North Western Adriatic $semistry and Ecology 2002b, 18: 1-
12.

[27] Pettine, M., L. Patrolecco, M. Camuso & Se§&renzioTransport of carbon
and nitrogen to the Northern Adriatic Sea by theHeer. Estuarine, Coastal and
Shelf Science 1998, 46: 127-142.

[28] Gilmartin, M. & N. RevelanteThe phytoplankton of the Adriatic Sea:
standing crop and primary productiomhalassia Jugoslavica 1983, 19: 173-188.

[29] Zoppini, A., M. Pettine, C. Totti, A. Puddu, A. &diani & R. Pagnotta.
Nutrients, standing crop and primary productiortive Western coastal waters of
the Adriatic SeaEstuarine, Coastal & Shelf Science 1995, 41: 383-

[30] Marchetti, R-The problems of the Emilia Romagna coastal watexgs and
interpretations In: Vollenweider R.A., R. Marchetti & R. Viviarfeds), Marine
Coastal Eutrophication. Elsevier, Amsterdam 1992332.

[31] Barmawidjaja, D. M., G. J. van der ZwaanJFJorissen & S. Puskarit50
years of eutrophication in the northern AdriaticaSevidence from a benthic
foraminiferal record Marine Geology 1995, 122: 367-384

[32] Regione Emilia Romagna — Assessorato Agricolturabiente e Sviluppo
sostenibileRapporto sulle attivita di smaltimento delle acgeftue urbane e dei
fanghi. Agenzia Regionale Prevenzione e Ambiente dell’Enfiflomagna.
Ingegneria Ambientale. Bologna, febbraio 2005. Rp:

October 5-8, 2010 - Bologna (Italy) 217z



