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Abstract

Coastal lagoon environmental picture with the tendency to accumulate organic detritus, structural eutrophication, risks of
dystrophy, with loss of biodiversity and fish products, is briefly described. Mitigation solutions are analyzed, focusing on the
removal of macroalgal masses, artificial water renewal, sediment oxidation and more, highlighting the limits and benefits of
each solution. With regard to the sediment oxidation, on which more emphasis is placed here, a review of the results obtained
on two Tyrrhenian lagoons is made, through field experiences conducted between 2005 and 2021. These results showed an
overall mitigation of the eutrophication effects, with reduction of nutrient load and sediment labile organic matter, reduction
of macroalgal development, phanerogam return and increase in zoobenthonic biodiversity. Some possible effects of sediment

resuspension on contaminants are reported.
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Environmental Framework of The Lagoons

The lagoons have typically shallow depths, from a few
decimetres to a few meters, resulting essentially flat flooded,
in which the water is poorly renewed (non-tidal lagoons
and the most continental parts of microtidal lagoons) and
subject to quickly warm up or to cool down. Many marine
organisms do not tolerate seasonal lowering or raisings in
temperature, and even less they can tolerate high variations
in temperature in the space of a single day, as a result of
sudden meteorological events.

The laminar characteristic of the lagoons is the
interpretive key to many other features, along with the low
water renewal that is in good measure a consequence of the
laminar condition. Salinity variations can take place in a short
time, because of the high surface of the basin, compared to
the volume; salinity can decrease due to floods and a heavy
rain, while evaporation produces an increase in values, up to
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greatly exceed the neighboring sea values. In this context, it
is understandable how very important are matter exchanges
with the atmosphere.

Lagoon environments, for morphology, water renewal
dynamics and exchanges at the interfaces (exchanges of
matter between sediment and the water column, water
and dry land, lagoon and sea waters, water surface and
atmosphere), constitute real traps for nutrients, a condition
that involves a eutrophic drift [1]. Though the water renewal
of tidal and microtidal lagoons may have a high frequency
in large areas, from 1 to a few days [2], it is equally true that
the inputs of dissolved nutrients can be quickly snapped up
by the submerged vegetation, so they tend to pile up. This
condition is even more dramatic for non-tidal lagoon [3].
Therefore, vegetation plays an important role in nutrients
cycling: they are stored, used for the growth, and returned
when vegetation dies and decays to the bottom [4]. The
vegetable mass can be so abundant to fill the water column
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completely up to surface, and when this occurs, it profoundly
impacts the physical and chemical variables [5].

When the chemical energy level in the lagoon sediment,
constituted by organic matter (OM) stored, exceeds the
oxygenic self-depurative capacity of the ecosystem, intense
anaerobic bacterial processes can occur. They are able to
dissipate the energy through the release of chemical bond
energy and dispersion of matter into volatile gaseous forms.
These processes, for the consequences produced in the
environment, are called as a whole dystrophy and can result
in large die-offs of aquatic fauna. All these mechanisms
are accelerated by hypertrophy of anthropogenic nature:
OM storage becomes massive and dystrophic processes
occur with increasingly high frequency. In such conditions,
the biological communities tend to be simplified, as in
extreme environments, and the reconstitution of the typical
community structure becomes increasingly difficult [6].

In lagoon environments, vegetation status substantially
reflects the chemical energy accumulated in the sediment top
layer, a few centimetres, the ones that conduct biogeochemical

exchange with the water column. Such accumulation causes
instability and changes in plant assemblages, setting up
vegetation cycle with extremes that go from low sediment
energy levels (e.g., after a dystrophic crisis), to high levels
(just before the subsequent crisis) [7,8]. This view provides
an explanation of the great sudden variations in aquatic
vegetation of eutrophic, low water renewal basins, in line with
the broader picture of succession proposed for the transition
from oligotrophy to eutrophy in marine environments [9].

According to Figure 1, the cycle involves an increasing
nutrient release from sediment, changing from nitrates
to ammonium, and a seriation of more and more tolerant
and opportunistic species, as sediment enriches in OM.
In transitional water environments, vegetable dominance
changes from seagrasses, which is the best condition,
to Chlorophyceae, or, in even more extreme conditions,
to microalgae and cyanobacteria [10,11], via a series of
intermediate vegetation stages, each of which prefers
particular conditions of sediment OM, dissolved nutrients
and N:P atomic ratio [7].

Figure 1: Nutrient release and vegetation dominance cicles are altered by the progressive enrichment of the sediment organic
matter, OM (in brown: OM increase from left to right). Arrows pointing downwards: organic matter sedimentation; arrows
pointing upwards: nutrient release from the bottom (from left to right, from nitrate to ammonium dominances); hb, high
biodiversity; Rh, Rhodophyceae dominance; Ch, Chlorophyceae dominance from Lenzi, et al. [12].

Mitigation Solutions

In the last forty years, eutrophication severely
affected coastal lagoons, and since they are mostly heavily
anthropized, public authorities have intervened in seeking
solutions to improve the environmental conditions, because
of the ecological, touristic and fishing importance of these
ecosystems.

Many solutions and examples of lagoon remediation
and environmental management are available through
the specialist literature. Heavy interventions to modify
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the basin hydrodynamics through construction of canals
communicating with the sea and underwater canals, changes
in internal shoreline morphology, water flow control of the
hydrographic basin and even massive removal of sediments
are emphasized [13-23].

Figure 2 shows alagoon ecosystem model that considers:
a) input and output of the nutrients; b) primary, secondary
and tertiary productions, considering the energy flows of
the grazing and detritus chains as not effective to control
vegetation and detritus productions in eutrophic systems; c)
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the detritus enrichment of the bottom, subject to the decay
process mainly by the sulphate-reducing bacteria (SRB)
action, d) the withdrawals by fisheries. According to this
model, we can list 6 different modalities of intervention at
different ecosystem levels to counteract dystrophic crises: 1)
reduction of nutrient inputs; 2) increase in nutrient output;
3) increase of grazer and filter-feeders; 4) harvesting and
removing of the macroalgal masses; 5) sediment removal to
create submerged canals and to increase the depth of some
critical areas; 6) actions on the anoxic top sediment layer.
Applying a simple logic, to counteract the eutrophication
effects, the first action to be taken would be to remove
nutrient inputs (Figure 2, point 1). This can be addressed
by a) treating civil wastewater with activated sludge plants,
b) conveying treated municipal wastewater and shipment
to other locations, c) deviating into the sea the tributary
waterway of the lagoon basin that collects municipal
wastewater and agricultural runoff, d) using constructed
wetlands as phytotreatment and sedimentation basins of
urban effluents or other sources before releasing them
into the lagoon [24,25]. The removal of nutrient inputs
is not always the easiest to adopt, as the territory is very
often heavily anthropized, full of urban constraints, private
properties, craft and industrial activities, factory farms, and
SO on.

Figure 2: Different approaches to counteract eutrophic
crises, acting at different levels of the lagoon ecosystem
(arrows 1-6). SRB, sulfate reducing bacteria; FCG and FCD,
flows of the grazing and detritus chains, respectively; SP
and TP, secondary and tertiary productions, respectively.

The pumping of marine or fresh waters can be a solution
to counter OM accumulation in sediment and manage the
summer critical issues (Figure 2, point 2). Water-flow increase
should enhance nutrient output, reducing the ecosystem
organic and nutrient load. This environmental management
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criterion was used in the Orbetello lagoon (Tuscany, Italy),
a non tidal lagoon of 25 km? 1 m deep, pumping 12 m3s!
sea-water for 3-5 months per year. In an annual balance, it
was estimated a water mass output of 110*10° m? (30 *10°
m?3, by tidal flow, and 80 *10¢ m3, by pumping) which pushed
away from the system 66.58% of N and 27.88% of P of the
annual input of the anthropic sources; nevertheless, in the
first 3 cm of the lagoon sediment about 108 tons of N and 11
tons of P were still estimates [3]. The pumping solution did
not stop the macroalgal developments. In fact, the laminar
nature of the basin never allowed a homogeneous water
exchange, neither to prevent stagnation of large areas — the
water pumped tended to flow along paths in a low energy,
with a speed that did not exceed 1-1.5 cm s-1 - nor to obtain
a remarkable improvement of the environmental conditions
[26], the hydrodynamism of the basin remaining almost
exclusively under the control of the wind [27,11].

The increase of consumers at the lower levels of the food
chain is another possible solution to reduce the tendency to
accumulate chemical energy in the lagoon sediment (Figure
2, point 3). This solution removes from the system an usable
biomass which would allow to obtain an economic return in
support of management costs. However, it should be studied
time after time, in relation to the climatic location of the
basin, the type of fish or other herbivores that can be used
commercially.

Acting directly on the macroalgal standing crops, the
harvesting is a measure on which it is possible to leverage
for triggering a virtuous circle in the lagoon dynamics
(Figure 2, point 4). Macroalgal mass removal, which takes
place through specific boats, is a “downstream” management
practice to counteract the eutrophication process, common
to many eutrophic transition areas around the world. In
Italy, for the Venice lagoon (Adriatic Sea) and the Orbetello
lagoon (Tyrrhenian Sea), the harvesting activities began
almost simultaneously in the early 80s [28,29], for the Sacca
di Goro lagoon (Adriatic Sea) they began in the second
half of the ‘90s, especially to safeguard the farms of the
clam Ruditapes philippinarum [30]. In the ‘90s, macroalgal
harvesting was undertaken in a bay on the coast of New York
(USA), in the Prevost lagoon (Provence, France) and in the
Tuggerah Lakes System and Peel-Harvey Estuary, Eastern
and Western Australia, respectively [32-34]. Macroalgal
harvesting involves a substantial financial commitment in
investment and management: relatively large and properly
equipped boats, staff for the operation and maintenance,
fuel consumption, ground staff for the reception and transfer
of the landed algal masses, trucks for mass transferring,
personnel for the treatment of the material at storage sites,
areas set up for reception of the masses and equipment for
their handling, etc. This activity could be practiced with good
results onlyifitwere industrially possible to use the harvested
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matter. This is not always possible, especially in the Western
world, when the algal blooms are due to opportunistic
Chlorophyceae, which currently doesn’t allow their viable
use [35-37]. This is a painful aspect of the macroalgal
harvesting activities, for which it is necessary to transfer the
masses to landfills for wastes, the whole operation entailing
only costs. Macroalgal harvesting could be an effective tool
in terms of mass removal and, therefore, of energy-detritus
destined to accumulate in the sediments, but only if it can
remove relatively high amounts compared to standing crops.
To determine which is the threshold of the biomass to be
removed for obtaining a concrete direct benefit from this
activity, focused studies should be conducted, even because
this threshold presumably changes from one environment
to another, and from a macroalgal species to another. In
addition, macroalgal harvesting should be managed to avoid
seagrass meadows disturbance and damage.

High expectations are usually placed on beneficial
effects that should result in the excavation of submerged
canals (Figure 2, point 5), in the belief, mostly preconceived
because rarely supported by specific studies, that through
them an increase of the lagoon hydrodynamics can be
obtained. Canals can be functional for tidal and microtidal
lagoons (even if, in this case, natural channels, already
exist), but this is not so obvious for the non-tidal lagoons,
whose hydrodynamic is dominated only by the wind. In non-
tidal environments, a submerged artificial canal tends to
accumulate clay, silt, organic detritus and floating vegetation
masses, resulting a depression, an area of low energy of the
bottom. The filling process of the canal is inexorable and can
determine prohibitive environmental conditions near the
bottom, which is finally an area of nutrient and hydrogen
sulphide releases. This process can be also very fast, in
relation to the canal exposure to the wind, but it is certainly
faster than the times it takes to start the canal maintenance.
Similarly, thinking to change the morphology of a non-tidal
basin by trying to improve the hydrodynamics, is equivalent
to believe in the existence of important tidal flows and real
currents in these ecosystems.

Many works of heavy environmental transformation have
been conducted in the past to remedy conditions of frequent
dystrophic crisis and for heavy industrial contamination
problems [16], the result is always a deep denaturation of
the original environment, with losses of biodiversity and
habitats of important naturalistic value [38].

Finally, an action can be carried out on the anoxic,
high organic load sediments, wholly downstream of the
chain of events caused by eutrophication (Figure 2, point
6). Sediments constitute the substrate that recirculates
nutrients and nourishes the anaerobic bacteria, especially
SRB, for which the dystrophic processes and die-offs of fish
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can occur. Action on the sediment can be preventative or
delayed. It is preventive when the intervention try to avoid
anaerobic processes by oxidizing the sediment and reducing
the organic load, it is delayed when the intervention try to
block the SRB action on the border line of the environmental
crisis.

Actions on the Sediment Anoxic Top Layer

Resuspension of the normally steady soft sediments (SR)
of a non tidal lagoon can be caused by a lot of natural and
artificial events. E.g., among natural events, storms and strong
wind, stormwater runoff and floods, bioturbation and fish
disturbance are listed, while among anthropogenic events,
boat traffic, fishing, dredging and positioning of pipelines
are the most common. Here I intend to focus on those events
which disturb the soft sediment recently settled, maximum
of 1-5 years, based on their variable sedimentation rate.
These are the first centimeters of the sediment layer, at most
4-6 cm. Therefore, there is less interest in the dredging,
which impacts on different thicknesses of sediment and can
move historical storage, well-consolidated, that might never
have affected otherwise the water column. Instead, the effects
of wind, fish schools moving, bioturbation and bioirrigation
by infauna, and boat traffic can be very important in shallow
water.

It was hypothesized that in eutrophic/ipertrophic
lagoons, seagrasses are confined to areas subject to high
bottom shear velocity by wind, and that from there they
can resume repopulating areas with low values of this
variable when the dystrophic stress abates; essentially, the
wind influences the distribution of these meadows through
sediment oxidation, leading to sediment resuspension and
OM transport [27]. Furthemore, it was shown that frequent
strong winds can reduce organic load in deeper parts of the
lagoons [11]. Experimental studies suggest decomposition
of sediment labile organic matter (LOM) is independent of
redox values, but periodic alternation of exposures to oxygen
leads to a more rapid decomposition of the organic matter,
than in stable condition [39]. SR can have a significant impact
on the water body by lifting to the surface particulate organic
matter (POM) and dissolved organic matter (DOM) [40],
activating bacterial oxidative mineralization and increasing
the remineralization rate [41,42]. This phenomenon can
show contradictory results, much depending on the nature of
the sediments and bottom conditions, the height of the water
column, the quality of the settled OM, the environmental
conditions and seasons under which disturbance occurs
[43,44]. When SR occurs with a relatively high frequency, the
final effects may be quite different from those of occasional
events. A SR event that occurs in a eutrophic environment
with low frequency (e.g., 20 times per year) could allow
the release in the water column of pore-water nutrients,

Copyright© Lenzi M.


https://medwinpublishers.com/IJOAC/

International Journal of Oceanography & Aquaculture

favoring the sudden development of opportunistic micro
or macroalgal species. In addition, the sudden organic load
(detritus and dissolved molecules) that reaches the water
column could produce a DO decrease, especially in the
summer period when it is lower and the temperature does
not allow to maintain high values.

A different situation is created in the case of frequent
resuspension, which, after a first “negative” effect, does
not allow that it can be repeated because, resuspension by
resuspension, the sediment quality changes. A laboratory
study [45] proved frequent SR increased the mineralization
rate with respectto undisturbed sedimentby a factor between
2 and 5. This study showed that the frequent turbulence
affecting surface sediment (e.g.: 24-48 h) produces an
increase in the mineralization rate, without showing any
significant effect on the water column.

An experience conduced in field [46] demonstrated that
repeated passages of boats on a limited area of a shallow non-
tidal lagoon to resuspend sediment soft top layer, increased
the sediment oxidative status and decreased the organic
content, without any significant increase in nutrients or
oxygen consumption in the water column. The same results
were confirmed in two areas (20 hectares each) of another
non-tidal lagoon after a frequently repeated disturbance of
sediments by a fitted boat; moreover, by trend of dissolved

sulphides, it was highlighted the disturbance interrupted
sulphate reduction processes [47].

In a study that examined the interaction between
physical disturbance and organic enrichment in relation
to the effects on diversity and macroinfaunal assemblages,
Widdicombe and Austen [48] observed that diversity was low
when physical disturbance was low and sediment organic
quantity was high, and when the frequency of disturbance
was high and sediment organic quantity was low. On the
contrary, diversity was high when both disturbance and
organic enrichment were high or low. In essence, a low-
water-renewal - low-hydrodynamic-environment, such as
a not-tidal lagoon, tends to an increasingly low biodiversity
as sediment OM increases. Martelloni, et al. [49] confronted
high organic rich sediment of a lagoon between undisturbed
condition and artificial sediment disturbance (frequency=60
times in 12 months). They confirmed a close relationship
between the number of zoobenthic species in the sediment
and organic load, showing a relative increase in the number
of species in disturbed sediment.

The idea of using frequent SR to counteract the harmful
effects of eutrophication in shallow water environments,
found initial supportin the reduction of the sediment organic
load. But this is not the only possible effect (Figure 3).

Figure 3: A conceptual model for sediment resuspension consequences from Lenzi and Porrello [55].

In sediments with a prevailing oxidative status,
orthophosphates are bound to ferric oxides-hydroxides
and to carbonates and clays, becoming increasingly rare in
interstitial waters and less and less present into the water
column, and finally, unavailable to algae, creating P-limitation
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conditions. Moreover, oxidation accelerates nitrification and
nitrates become predominant over the reduced forms [50].
An increase in nitrate concentrations produces an increase
in denitrification [51], which occurs in anoxic microhabitats
(e.g.: inside microparticles) [52]. Thereby, part of the
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nitrogen load is lost as N2 or N20 and the eutrophy of the
system can decline [53], unlike what happens in totally
anaerobic processes, mostly nutrient retentive, in which N is
not lost from the system [54]. Summing up, a frequent top
layer SR can produce: increase of sediment redox, reduction
of LOM, P limitation and partial loss of N. In the conceptual
model shown in Figure 3, frequent SR establishes a virtuous
circle, despite the eutrophic potential of the basin remains, in
a sort of downstream eutrophication management.

All this helps to contain macroalgal developments, even if
much depends on the commitment and operating frequency,
while the development of sea grasses is favored, since these
last can find the nutrients directly into the substrate through
the root system, and no longer suffer from suffocation by
macroalgal floating masses.

SR can be practiced in several ways. In the Orbetello
lagoon, SR has been conducted with the same macroalgal
harvesting boats (13 m x 4.5 m; 13 tons capacity). The
boats, while sailing, determine a thrust on the water mass
resuspending the soft sediment (3-5 cm), which consists in
the direct effect on the sediment [46], moreover they produce
an indirect effect equally important, that is the resuspended
sediment fall out on the surrounding bottom [46-55]. The
first effect is related to boat size, basin depth, sediment type
and boat thrust. Snorkel divers measured the trace left in
sedimentby boats of the type used for harvesting, establishing
that each boat displaces the top sediment in a belt about 6 m
wide [46]. It was estimated that more than 30% of the matter
was still suspended at an orthogonal distance of 50 m from
the boat path, the total fall-out of resuspended sediment
happened within a hundred meters. The total resuspended
sediment, considering the two boards of the boat, amounted
to 4.026 kg for meter of boat path. In total, in six months of
algal harvesting activity (6,000 tonnes year* landed), 16,589
tons of sediment top-layer were handled [55]. Compared to
macroalgae harvested, this figure suggests that sediment
resuspension was the major effect, in terms of mass, of the
harvesting boats.

A specially boat was used to disturb and resuspend the
sediment top layer in the Burano lagoon, 120 ha 1 m deep
(Tuscany, Italy). The boat (4.70 m x 1.60 m) was equipped
with an outboard motor and a generator to power two 0.75
kW motors having shafts terminating in propellers, usually
used to oxygenate aquaculture ponds. The motors were
mounted on steel frames on either side of the hull so that the
shafts could be inclined at different angles. When the motors
were in action they produced a jet of water and air directed
towards the bottom, and could be inclined by varying the
angle of the motor shaft in relation to the speed of the vessel
and depth. Disturbance was carried out for 3 months in two
areas for a total of 44 ha. The impact of daily SR on the water
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column was monitored monthly in the disturbed areas and
in two undisturbed control areas 20 ha each. Results showed
a stable OM content in disturbed areas and an significant
increase in undisturbed areas, as well as an increase
in macroalgae in these latter areas. Seagrass meadows
increased greatly in disturbed areas, where seedlings of
Ruppia cirrhosa were observed for the first time in many
years. No significant N-NH,, SRP, DO or pH changes on the
water column were observed due to SR [47]. In the same field
experience, Lenzi and Renzi [57] showed that 1) the higher
abatement of LOM was recorded in the disturbed area; 2) C:N
ratio of sediment was much lower in the undisturbed areas
than in the disturbed areas; 3) sediment and macroalgal
tissue C:N ratios did not significantly change in response
to disturbance; 4) initial sediment OM enrichment from
phytoplankton was greater in disturbed (water clarification)
than undisturbed areas ; 5) chlorophyll-a, phaeopigments
and the pigment diversity index did not reflect any decline in
photosynthesis in the disturbed areas; 6) treatment effects
increased with increasing frequency of disturbance. These
findings indicated less availability of LOM and therefore
lower risk of extended anoxic events in disturbed areas,
and supported the hypothesis that artificial disturbance of
sediment can be used to manage lagoon environments and
prevent eutrophication consequences. Finally, this study
showed sediment LOM load and macroalgal mats decreased
significantly when sediment resuspension and high-density
macroalgal mat disturbance occur for a long period with high
frequency.

Possible Effects of the Sediment
Resuspension on Bio-Availability of
Contaminants

Resuspension of contaminated sediments can determine
contaminants transportation downstream and affect the
water column for a variable time. Contaminants can be
essentially heavy metals, polycyclic hydrocarbons (PAHs),
and polychlorinated biphenyls (PCBs).

In anoxic sediments, heavy metals are normally bound as
sulphides, with very low solubility [58], while in the aerobic
sediment layer, heavy metals can be bound to OM [59] and
iron and manganese oxi-idroxides [60]. Resuspension of
anoxic sediments could result in the oxidation of sulphides
and heavy metal cations releases. Some sulphides can rapidly
oxidize in a well-aerated water column [61], however, when
this occurs, some conditions of the water column and the
sediment top layer could favor metal adsorption, thus, as a
result of sedimentary suspension, it could paradoxically be
obtained a concentration of heavy metal cations lower than
before [62]. In numerous studies, the contact between heavy
metal sulphides and dissolved oxygen in the water column
did not show significant Cu, Zn, Cd, Pb cation releases, despite
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significant Fe and Mn releases due to sulphides oxidation;
according to Simpson, et al. [61], dissolved heavy metal
cations can coprecipitate with Fe and Mn oxy-hydroxides or
be complexed by OM. Moreover, during resuspension trace
metal sulphides may remain unoxidized because of buffering
by FeS and MnS oxydation, that are present in large excess
with respect to other metal sulphides [61].

Mercury (Hg) is also chemically bound in the oxidized
sediment to OM and Fe and Mn oxy-hydroxide, while in anoxic
sediment it is found mostly as highly insoluble sulphide.
Microbial degradation of OM and chemical dissolution of
sulphide can release Hg. Moreover, SRB activity can release
Hg by methylation process from HgS, in OM rich sediment
[63] (Figure 4) producing methylmercury (MeHg), volatile,
which can easily enter the food chain and be retained by lipid.

Figure 4: Diagram (concentration to the ordinates, and
varying environmental conditions to the abscissas) shows
hypothetical sediment conditions from the oxidized state
(left), to an increasingly reduced anoxic state, proceeding
to the right on the abscissas. The trend of redox potential
(Eh in mV; black line) goes towards increasingly negative
values (from left to right) with the gradual decrease of
dissolved oxygen, in conjunction with the increase in the
load of organic matter in sediments (OM; brown line).
As this situation proceeds towards anoxia/dystrophy,
sulphate-reducing bacteria activity increases, therefore
acid-volatile sulphides (AVS) concentration increases
(vellow line). Sulfate-reducing bacteria operate the
methylation of Hg. This last procedure increases with
increasing bacterial activity, until the concentration of the
AVS becomes high enough to inhibit the process (trend
of the gray line). Therefore, two moments are identified
in which the concentration of MeHg is the lowest or zero
(blue circles), and an intermediate phase in which this
concentration is at the highest values (red circle), which
could coincide mainly with the intermediate seasons from
Lenzi, et al. [64].
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SRBs require low or no presence of oxygen in the
sediments,and sufficientOMload tostartmethylation process.
Sediment oxygenation in low OM load decreases methylation
[65]. When the SRB activity becomes predominant, as in the
full-blown dystrophic conditions, it can lead to enhanced
porewater dissolved sulphide, which has been shown to
inhibit Hg methylation [66,65] (Figure 4). According to
Kim, et al. [67], MeHg resulted significantly and negatively
correlated with acid-volatile sulphides (AVS) concentration,
suggesting increased Hg methylation was coupled with AVS
oxidation. It is therefore possible to hypothesize a range of
environmental conditions that goes from one extreme, where
sediments are partially oxidized and the sulphate reducing
activity is low or zero and so is methylation, at the opposite
extreme, that is an anoxic/dystrophic state with very intense
SRB activity, enrichment in AVS and low or no methylation.
In an increasing SRB activity gradient between the two
extremes, we can imagine an increase in methylation, up
to a peak more or less halfway (Figure 4). Because extreme
dystrophic conditions are not desirable to avoid methylation,
the choice of the environmental manager should therefore
be oriented towards achieving a sediment low OM load,
relatively high Eh values, low SRB activity, consequently, low
or no methylation.

SR can induce a change in sediment redox status, and can
have an impactby changing the association of Hg with binding
phases, both effects can be important factors determining
the rate of Hg methylation in sediments [67]. Ultimately, if
it is true SR could enhance methylation by decreasing AVS
levels, it is even more decisive that SR may limit methylation
by sediment oxidation, limiting SRB activity [67].

In the Orbetello lagoon, there is an excessive
accumulation of Hg in commercial fish species, in particular
sea bass and sea bream. There is a high presence of cinnabar
in the sea of the South Tuscany due to the washing away of
debris from Amiata Month, and the values are even higher
in the lagoon than in the nearby sea [68]. Lenzi, et al. [55]
observed that, paradoxically, smaller fish were more likely
to accumulate Hg than larger ones. They hypothesized the
metal accumulation in fish depended more on contact with
the contaminant released by the anoxic sediment, than on
the food chain. In this lagoon, in fact, SRB activity can be
very intense in the hot season, with abundant release of
hydrogen sulphide, but subtly can release greater quantities
of MeHg in the intermediate seasons, when bacterial activity
and the presence of AVS are relatively lower. Il was showed
that, using diffusive gradient in thin films technique (DGT),
resuspension of sediments did not increase the availability
of Hg" in disturbed areas, compared to non-disturbed areas
[55].

PAHs are present in marine environment sometimes in
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relevant concentrations, both of pyrogenic and petrogenic
origin. The pyrogenic PAHs are composed mainly of larger
ring systems then the petrogenic. PCBs (C,H, Cl) are
artificial molecules. They have been replaced long ago
because they have been recognized carcinogens, but they are
still widely spread in the world.

PCBs and PAHs tend to be associated with particulate
organic matter. SR can involve the release of these
contaminants. Desorption is very dependent on the
molecules, the nature of the binder particle and the
environmental conditions. SR, however, exposes the organic
contaminants to oxidation and UV action, which are more
effective the higher is the frequency of SR. Le Blanc, etal. [69]
showed that degradation of phenanthrene resulted greater in
resuspension conditions that in undisturbed sediments. DO,
UV and the specific bacterial population that is produced in
such conditions contribute directly. Regarding PCB, the water
column redox did not have a significant effect on partitioning
from organic particles [70]. Nevertheless, by exposing anoxic
sediment to DO, partitioning of a PCB between pore water
DOM and freely dissolved DOM decreased for pore water
sediment of two estuarine sites out of three [71].
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