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MONITORING AND ASSESSMENT OF THE 
ENVIRONMENTAL QUALITY OF TRANSITIONAL 
WATERS IN SICILY (ITALY)  
Giancarlo Bellissimo, Francesca Galfo, Paolo Balistreri, Benedetto Sirchia 

Abstract: Transitional waters represent high valuable wetlands characterized by 
extremely dynamic processes and irregular temporal trends. These coastal areas are 
vulnerable interface systems sensitive to natural and human pressures that cause a 
continuous environmental degradation and a consequential unbalance of the natural 
ecosystem. Monitoring plays a key role in the management of these ecosystems in order 
to prevent further deterioration and enhance the status of environmental quality. This 
paper aims to evaluate the ecological and chemical status of five Sicilian transitional 
waters systems (Oliveri-Tindari, Cape Peloro, Vendicari, Longarini-Cuba and Marsala) 
over a 3-year monitoring cycle according to the Water Framework Directive (WFD, 
2000/60/EC). The water quality exhibited negative evidences since no water body 
monitored achieved the overall good environmental status assessed by different 
biological and chemical elements.  
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Introduction  
Transitional waters, hereafter TWs, include all types of water bodies (WBs) 

which are brackish or hyperhaline at the boundary between terrestrial/freshwater 
and marine/coastal systems [4]. TWs are recognized as very complex systems 
characterized by weak hydrodynamics, shallow depth, limited size and high 
potential biodiversity around which numerous human activities revolve. Almost all 
of these ecosystems are subject to protection by several international conventions 
(e.g., Ramsar Convention) and directives (e.g., EU Birds Directive 2009/147/EC) 
and they are encoded as priority habitat type for conservation (1150 Coastal 
lagoons) under the EU Habitats Directive (92/43/EEC) because of their notable 
naturalistic value and ecological importance.  

The European Water Framework Directive (WFD, 2000/60/EC) legally defines 
TWs the “bodies of surface water in the vicinity of river mouths which are partly 
saline in character as a result of their proximity to coastal waters but which are 
substantially influenced by freshwater flows” [10]. In the context of the WFD only 
five typologies of TWs are reported: delta, estuaries, lagoons, brackish lakes and 
coastal ponds. The WFD requires monitoring and assessment of the Ecological Status 
(ES) and Chemical Status (CS) in order to evaluate the Environmental Quality (EQ) 
of TWs. In accordance with the WFD, the ES is an expression of the quality of the 
structure and functioning of aquatic ecosystems associated with surface waters. In 
Italy, the ES is assessed using four Biological Quality Elements (BQEs, 
phytoplankton, macrophytes, benthic macroinvertebrates and fish faunal) and 
related indices that are adopted by the national law (MD 260/2010 and subsequent 
modifications and integration) in agreement with the WFD requirements. In 
particular, MPI (Multiparametric Phytoplankton Index), MAQI (Macrophyte Quality 
Index), M-AMBI (Multivariate-Azti Marine Biotic Index) and HFBI (Habitat Fish 
Bioindicator) are being regularly applying as monitoring tools for the Regional 
Agencies to assess the ecological quality of TWs [12]. Parallel, the WFD establishes 
the use of Supporting Quality Elements (SQEs) identified as chemical, physical-
chemical and hydro-morphological quality elements that contribute to the ES 
classification, confirming or not the classification provided by the BQEs. The 
classification of a WB is based on the “one out-all out” principle, proposed by the 
WFD [9], meaning that the worst quality of any of the BQEs used in the assessment 
is sufficient to downgrade all of them. The ES provides a composite assessment in 
five quality classes, from High to Bad, based on the conditions of several BQEs and 
their deviation from a referenced WB.  

The CS is determined via the monitoring of the priority substances in two 
matrices (water and sediment) established in the Environmental Quality Standards 
(EQSs) Directive 2008/105/EC (as amended by the Priority Substances Directive 
2013/39/EU), transposed into the Italian legal system by LD 172/2015 (Table 1A and 
Table 2A). EQSs are limits on the concentration, expressed as maximum allowable 
concentration (MAC) and annual average (AA) of a chemical pollutant that must 
never be exceeded. The CS is represented by two quality classes (Good and Not 
Good) based on compliance with EQSs. The good CS is achieved when no 
concentrations of one or more priority substances exceed agreed standards. Finally, 
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the environmental quality (EQ) is determined combining the ES with the CS: the 
worst class quality of either one regulates the overall status. In particular, the good 
EQ is reached when the CS is good, and the ES is in at least a good status.  

In Italy, TWs are divided according to MD 131/2008 into typologies identified on 
the basis of their geomorphology (coastal lagoons or river mouths), tidal range (>50 cm 
or <50 cm), total surface of the WB (>2.5 km2 or between 0.5 km2 and 2.5 km2) and, 
finally, salinity (oligohaline <5 PSU; mesohaline between 5 PSU and 20 PSU; 
polyhaline between 20 PSU and 30 PSU; euhaline between 30 PSU and 40 PSU; 
hyperhaline >40 PSU). For the purposes of the classification under the WFD, three 
macrotypes of TWs have been defined according to the tidal and salinity (divided into 
two types: less than 30 PSU; greater than 30 PSU) range variation: two macrotypes for 
tidal systems and one macrotype for non-tidal systems (MD 260/2010 - Table 4.4/a).  

In Sicily, TWs include brackish lakes, coastal ponds, lagoon-like coastal basins, 
mires, swamps and saltworks but only a few areas fall within the WFD-compliant 
monitoring requirements. Accordingly, in 2016 the last Management Plan of the 
Hydrographic District of Sicily selected five significant TWs systems (including 
thirteen WBs) in the framework of the institutional activities for the implementation of 
the Italian national legislation (LD 152/06) that acknowledges the WFD [3]. Here, we 
present the results of a 3-year monitoring cycle (2020-2022) in order to provide an 
update of the data and obtain the current evaluation of EQ of five Sicilian TWs systems. 

Materials and Methods  
All TWs systems monitored in this study (Fig. 1) fall into different protection 

regimes (e.g., Natural Oriented Reserves, Sites of Community Importance, Special 
Protection Zones, Important Bird Areas and International Important Wet Zones). 
They include non-tidal ecosystems of different typology from a geomorphological 
point of view and salinity (Table 1). In particular, two TWs systems fall within the 
WFD typologies (Oliveri-Tindari and Cape Peloro), while three are listed under 
typologies not included in the WFD. Specifically, the four WBs of Oliveri-Tindari 
(Marinello, Mergolo della Tonnara, hereafter Mergolo, Porto Vecchio and Verde) 
and the two WBs of Cape Peloro (Ganzirri and Faro) can be classified as coastal 
ponds and brackish lakes, respectively. The three WBs of Vendicari area (Piccolo, 
Grande and Roveto) can be classified as mires while the Longarini-Cuba wetland-
complex ones (Cuba, Longarini 1 and Longarini 2) as swamp lakes. Stagnone di 
Marsala, hereafter Stagnone, represents the largest lagoon of Sicily characterized 
by hydrodynamic exchange with the adjacent open sea and it can be defined as a 
lagoon-like coastal basin. Their detailed description in terms of ecological and 
environmental features is given by [5, 11, 13]. However, according to the last 
Sicilian Management Plan, all thirteen WBs within the five transitional systems 
belong to the only typology “coastal lagoon”, defined macrotype M-AT-1 sensu 
MD 260/2010, with a dimension lower than 2.5 km2 with the exception of the 
Stagnone (about 20 km2). A variable number of stations (1 or 2) for each WB was 
sampled in accordance with [12]. Due to the larger spatial extension of the Stagnone, 
six stations in three areas (northern, central and southern) were selected. At all 
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stations, surface water samples were collected monthly in each year and analysed for 
determination of priority substances (LD 172/2015 - Table 1/A). Physical-chemical 
parameters such as pH, temperature, salinity and dissolved oxygen were also 
obtained monthly by a multiparameter probe (Aquaread AM-200). Additional water 
samples were collected quarterly in each year for quantifying non-priority chemical 
substances (LD 172/2015 - Table 1B), phytoplankton, chlorophyll-a (Chl-a) and 
dissolved nutrients. The latters, including nitrogen as ammonium (N-NH3), nitrites 
(N-NO2) and nitrates (N-NO3), summed and reported as dissolved inorganic nitrogen 
(DIN) and reactive phosphorus as orthophosphates (P-PO4) were considered as 
representatives of the physical-chemical quality elements to support BQEs 
classification. According to MD 260/2010, thresholds for DIN are defined for two 
different salinity typologies: <30 PSU, including oligohaline, mesohaline and 
polyhaline WBs (threshold = 30 µM); >30 PSU, including euhaline and hyperhaline 
WBs (threshold = 18 µM). Currently, the threshold for P-PO4 is set only for WBs 
with salinity >30 (threshold = 0.48 µM). The frequency of macrophyte and benthic 
macroinvertebrates monitoring was two seasonal samples (spring and autumn) in 
only one year over the studied period. Fish faunal was collected but it was not taken 
into account in the ES evaluation. A sediment sample was collected and analysed for 
quantifying priority and non-priority chemical substances (LD 172/2015 - Table 2/A 
and Table 3/B) from each WB in only one year over the studied period. Field and 
laboratory activities were performed according to the national protocol [12].  

 
Figure 1 – The five Sicilian TWs systems monitored in this study. 

Results  
The monitored TWs systems cover all salinity classes, with a prevalence of eu-

hyperhaline WBs (eight out the thirteen) and oligo-mesohaline (four out the thirteen), 
while only one WB was polyhaline (Table 1). The annual mean physical-chemical 
parameters of the water column are reported in Table 2. Among the supporting 
physical-chemical elements required for confirming the ES classification (Table 3), 
DIN concentrations exceeded the good/moderate threshold (i.e., in moderate status) 
set in MD 260/2010 (Table 4.4.2/a) in six out the thirteen WBs (Marinello, Ganzirri, 
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Piccolo, Grande, Longarini 1, and Cuba); the remaining seven WBs resulted below 
the good/moderate threshold (i.e., in good status). In particular, the NO3 ions were 
predominant within the dissolved inorganic N (DIN=NH4+NO2+NO3) pool of all the 
examined WBs. The annual mean concentrations of DIN (range 0.47÷113.26 µM) 
resulted beyond the threshold in Cuba, Longarini 1, Piccolo and Grande (the latter 
with values up to 6 times higher than the threshold). Marinello and Ganzirri showed 
the highest DIN concentrations in Oliveri-Tindari and in Cape Peloro, respectively. 
Differently, Stagnone was a nutrient-poor area referring to the lowest values of DIN 
detected in all three areas. The annual mean concentrations of P-PO4 (range 
0.02÷0.28 µM) resulted below the threshold in all WBs with the highest values in 
Longarini 2. The Chl-a mean concentration in all WBs showed a trophic gradient 
varying from oligotrophic (0.23±0.16 µgl-1 in southern Stagnone) to hypertrophic 
(55.67±106.74 µgl-1 in Ganzirri). Peak values of 47.87 and 311.87 µgl-1 were 
recorded in summer months in Roveto and in Ganzirri, respectively. Within the 
supporting chemical elements, non-priority substances analysed in all WBs resulted 
under the settled thresholds of MD 260/2010 (Table 4.5/a). 

Four priority substances were found to be exceed the EQSs in eight WBs 
(Mergolo, Porto Vecchio, Faro, Grande, Longarini 1, Longarini 2, Cuba, and 
Stagnone). Particularly, mercury was detected only in water in seven out the thirteen 
WBs with values about 4 times higher than MAC-EQS in Mergolo and Longarini 1 
(Table 4). In addition, lead occurred only in sediment in all three WBs of the 
Longarini-Cuba complex with values 4.5 times higher than AA-EQS in Longarini 2. 
DDE [2.4+4.4] was found in sediment in Longarini 2 and Cuba with values 2.5 and 
2 times higher than AA-EQS, respectively. Lastly, tributyltin was found in sediment 
only in Stagnone with values up to 2.5 times higher than AA-EQS (Table 4). Hence, 
eight out the thirteen WBs were classified as “Not Good” (Mergolo, Porto Vecchio, 
Faro, Grande, Longarini 1, Longarini 2, Cuba and Stagnone) (Table 5).  

Regarding the ES, nine out the thirteen WBs were classified as “Bad” and 
“Poor” (Marinello, Mergolo, Porto Vecchio, Verde, Grande, Roveto, and all WBs 
of the Longarini-Cuba complex), three as “Moderate” (Piccolo, Faro and Ganzirri) 
and one as “Good” (Stagnone). Finally, the overall EQ is resulted “Not Good” in 
all WBs (Table 5). 

Discussion  
No WB of the Sicilian TWs achieved the good environmental quality. The target 

set by the WFD, that all TWs should be in at least a good status by 2021 in its second 
management cycle, was therefore missed by a wide margin. Among the thirteen WBs 
monitored, the failure of the WFD goal is related to the CS and ES classification in 
eight and in five WBs, respectively. Specifically, the missing target was determined 
in seven WBs by both the ES and CS, in five WBs exclusively by the ES and in only 
one WB by the CS. These results state that the assessment of water quality was 
particularly critical because Sicilian TWs systems support both extreme fluctuations 
in environmental variables (e.g., salinity, temperature, dissolved oxygen, exchanges 
with the sea, and meteorological conditions) and anthropic activities that influence 
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directly and indirectly the biological communities, making these ecosystems high 
spatially and temporally heterogenous. Organic matter, depth, and salinity have been 
reported to be among the environmental variables that significantly affect spatial 
distribution of BQEs [7]. Moreover, the latters can be either sensitive to natural 
stressors and at the same time to increasing concentrations of nutrients or chemical 
substances making it difficult to distinguish a naturally stressed habitat from an 
anthropogenically stressed one. The cases of Oliveri-Tindari and Vendicari are 
emblematic. In spite of the pristine character of the areas, which are far from urban 
centres and are characterized by very low anthropogenic impact, the resulting ES 
is mainly driven by the low M-AMBI index values. This outcome can be explained 
by the fact that these areas are easily subject to dystrophic crises until reaching 
complete anoxia with the production of hydrogen sulfide and widespread deaths of 
species in all habitats present. Generally, this happens as a synergistic effect of a 
set of conditions, which occur during the summer season and in basins with shallow 
depths, such as high temperatures and water stagnation due to poor water exchange. 
Particularly, in some WBs it was not possible to apply the M-AMBI index since no 
benthic macroinvertebrates were detected. For instance, in Grande the community is 
likely to not have established over the monitored period, as this WB has a water 
supply linked to meteoric contributions and infiltrations of seawaters via a ducting 
system, up to dry up in the summer period. In Piccolo, the number of species detected 
was not suitable for the application of the index. The only species found was the 
gastropod Pirenella conica (Blainville, 1829) reported in the literature in a salinity 
range from 15-90 to 280 PSU [14]. Due to its wide tolerability range, it could be the 
only species to be present in the periods in which the two samplings were carried out 
in this WB which it is fed by a spring of freshwater and by the contribution of 
atmospheric precipitations. Similarly, low M-AMBI index values were recorded in 
the Longarini-Cuba complex. This transitional system is subject to natural stresses 
comparable to those of Oliveri-Tindari and Vendicari; however, this area is also 
influenced by pollution from diffuse sources (e.g. intensive agriculture, contaminated 
or abandoned industrial sites) as highlighted by the analysis of pressures and impacts 
of the last Sicilian Managment Plan. The presence of large quantities of toxic 
agricultural chemicals and artificial fertilisers together with illegal garbage dumps 
are likely to explain both DDE [2.4+4.4] and lead concentrations beyond the AA-
EQS. In addition, the presence of these two chemical contaminants could have a 
direct impact on benthic communities. Macroinvertebrates are sensitive to an 
enrichment of organic substance and chemical pollution in water and sediment 
deriving from activities mainly linked to intensive and widespread agriculture [15]. 
The latter togheter with surface runoff of urban areas can determine nutrient 
enrichment altering the water quality and, therefore, an increase in the frequency and 
intensity of algal blooms, especially in the summer months. This fact was likely to 
cause the low MPI index values in Grande and Ganzirri where significant blooms of 
phytoplankton, validated by higher chlorophyll-a and DIN concentrations, were 
recorded. On the contrary, all WBs resulted above the MaQI moderate status with 
the exception of Mergolo where no sensitive macroalgal species, sensu MAQI, was 
detected, indicating a negligible probability of alteration of the functioning or the 
structure of the ecosystem due to nutrient enrichment [6]. The good or high 
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macrophyte ecological status was related to both the presence and high cover values 
of the seagrass Cymodocea nodosa (Ucria) Ascherson, in Porto Vecchio, Ganzirri 
and Stagnone, while the aquatic angiosperm Ruppia maritima Linnaeus contributed 
on its own to the good or high MaQI status in some WBs of Vendicari and Longarini-
Cuba complex. Stagnone was the only WB exhibiting a good/high class of all biotic 
indeces confirming the previous ecological quality evaluation [3, 8]. However, 
according to “one out-all out” approach, this WB resulted in not good environmental 
status, because of the exceeding of AA-EQS for tributyltin (TBT), a class of 
organotin compounds widely used as a biocide in anti-fouling paints [2]. A similar 
outcome was recorded in seven WBs showing concentrations beyond the MAC-EQS 
for mercury that it is considered as one of the most serious contaminants entering the 
marine environment through a variety of sources, including atmospheric deposition, 
runoff from land, and industrial discharges [1]. TBT and mercury are among priority 
hazardous substances identified in the Priority Substances Directive as uPBT 
(ubiquitous, persistent, bioaccumulative and toxic).  

Conclusions 
According to the WFD, for those TW systems that did not achieve the good status, 

it is necessary to develop specific programs of measures to ensure the achievement of 
good status by the deadline extension to 2027 at the latest. Altough all WBs monitored 
in our study did not reach the WFD goal, being classified as “not good”, it would be 
important to take into consideration the intrinsic features of each WB when considering 
these results. Moreover, caution is needed when the environmental quality is assessed 
by the “one out-all out” principle. One or more BQEs can appear to have a low or a 
moderate correlation with various stressors, thus leading to a misclassification of the 
overall status. Finally, a revision of analysis of pressures and a long-term monitoring 
are required in the management plans aimed at protecting or reclaiming these extremely 
important environments from both a naturalistic and productive point of view. 
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