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Bio-remediation of water: How

to remove heavy metals
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=~ Salt marshes - a’ef/m tion and charac terization ===
2. Salt marshes and meftal retention
3. The halophyte influences on metal availability
4. The influence of halophytes in metal cycling
5. The influence of halophytes in carbon retention
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The Oxford English Dictionary defmes sal'r marsh as
3 mqr'shland over washed by 'rhe sea”

v ‘ small shrubby terrestrial vascular plants, almost
i per‘manen’rly wet and fr‘equen'rly inundated with saline =
i waters b , A
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Where are salt marshes located?

A Weas  between land and
- water, occurring along the mter‘hdal shore of estuaries and

- sounds where salinity (salt content) ranges from hear ocean
s‘rr'eng’rh ’ro near fresh in upr'lver‘ marshes
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Wha‘r are their features?

T ‘-‘L*‘—‘,,

Salt mar'shes are among ‘the mos‘r produc‘hve ecosystems ontheworld
and perform important ecosystem functions, namely in terms of primary
production, nutrient recycling and filTering of .natural and anthropogenic
loads of nutrients and pollutants. These dreas have a great ecological
value for the ecosystem; namely as habif@tfigr fish and birds as well -
as other wnldllfe and shorelme sTa fff;g.s; |

| Vascular' plam‘s in salt marshes are deTer'mmanT to 'rhe dynamlcs of The
estuarine ecosystem and strongly influence ‘rhe pr'ocesses of accumula‘rlon
and re‘ren’rlon of heavy me‘rals there. '

The utilisation of wetlarids as fllfer's has gamed grea’r m'rer'es'r in the
past decades. ,
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Salt marsh vegetation with its sediments is a majG
importance for the carbon balance in the estuary and@

—(-\

the world carbon budget. e
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In fact, this is true although the haloth'ric position and me: bOlIC =g
diversity are important shapmg drivers of this ecosystem service.
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colomza’ng
/. They /fbf*" f“'q
sedm'tenf/m/r’if ganid mapter
more compefmve s ecies ar v
formed in this way“ H'f, Sal‘rmarsh grows by the

gathering of this small ilands
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Hydrology

| Hydr'ology is the main {1 rinth abli of
the salt marsh and determines the salt marsh char'actems’rlcs.

The hydrology of a salt marsh mflugaces its physicochemical
environment, particularly, oxygen availability and production
: of hydr‘egen sulflde

Hydr'ology also ’rr'anspor"rs sediments, nutrients, and toxic
maTemals |
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To survive in these conditions the plants needs to have some special adaptations to
avoid some stress factors such as salinity, flooding and recently heavy metals

Salt plant marsh adaptations

Stress Factors
v Salinity
v Flooding

v Heavy metals
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The most obvious, and indeed the defining
characteristic of salt marsh vegetation, is its
abuluT to WlfhfSTGnd hlh SOI| alinitie
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Releasing oxygen to the rhizosphere, vascular plants
critically impact the biogeochemistry of the sediments,
difying dramatically the soil characteristics in areas
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Heavy metal concentrations in rhizoconcretions
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rhizoconcretions with d1ffereﬁ’c*s1zesﬂﬂ'&'§n-sed'1
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As you can see rhizoconcretions may accumulate heavy metals, often'in
concentratlons h1gher than those found 'in‘fre“arby sedm)ents
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High belowground biomass values along with low
_decomposition rates and associated with high values of
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Salt marshes and metal
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Salt marshes are complex coastal environments usually located
within estuarine systems.

Estuaries receive important inputs of pollutants as they-are
often situated in the vicinities of highly populated and
industrialised areas.

Metals transported by the tidal currents, both in dissolved
and particulate forms, are eventually incorporated into the
surface sediment of salt marshes.

Vegetation may act as sediment traps playing an important role
in the settling of suspended estuarine material and their
associated metal.
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Salt marsh plants are capable of ex
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- from the sediments during the growing season anc
accumula're 'rhem in Theur' TISSLIeS m‘os‘r)y within the
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Biomass partition

biomass (g/m2)
biomass (g/m2)

Aboveground

biomass (g/m2)
biomass (g/m2)

Belowground
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Salt marsh plants are an important
temporary sink of metals

Metal stocks in plants (plant biomass x metal concentration)
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in Halimione portulacoides and abo
highest values registered in the above ground b1
Halimione portulacoides 700 g. The belowground biom
of the total biomass D ocad

‘ - 3

*Salt marsh plants take up metals from the Se? ' .
them 1n their tissues. Standing stocks at the whole plant scale (r etal 3

pools) were consistently lower in 'S. maritima, as a result of
comparatively low biomass.
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Corroios _Rosdrio
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concentrations of those found
The major characteristic is the appeara
subsurface maximum of several metals

Concentrations peaks are formed at depths of
rooting density, and levels in the upper 300m were hlgher
than those in the corresponding layers of nonvegetated
sediments. These differences are clearly related to the
presence and activity of roots

. Co-funded by th
‘ unite! | sermsis= (| J LISBOA | EimS e P

of the European Union



Ulisses

| The m’rer'ac-

complncd’re ‘Coverinig a wi

Vascular' plan’rs in salf mar'shes'are determinant to the
dynamics of the esTuar'me sysfem
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The presence of oxygen at the root-sediment interface creates local
oxidizing conditions in otherwise reducing sediments.

This affects in particular the chemistry of iron and manganes, whose
soluble reduced forms diffuse toward these interfaces, where they are
precipitated as insoluble iron and manganese oxides.

Thin redish brown deposits on plant roots have been observed on several
, flood-,toIWgnts and attributed to the oxidative capacity of roots.

' Other.metals are also associated with these-iron plaques, r'iachmg higher

concentra‘nonamn those found in the bulk sediments.

Lo

. The rhizoconcretion may accumulate heavy metals, often in concentrations
“higher than those found in nearby sediments.
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1 So rhizoconcretion forma’non thus contributes to salﬁhaxsnhes acting as

na’rural smks for' trace elements from anthropogenic orlgnn
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The halophyte influence on metal
availability
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Non vegetated Sediment

1 L iu

HAc/total HNO3/total DTPA/total

Vegetated Sediment

__I_ nll In =

HAc/total HNO3/total DTPA/total

Corroios Saltmarsh

In this slide we compare the
amount of metals removed by
weaker extractions from the
sediment between roots and
non vegetated sediments.
Metal recoveries at both sites
were expressed as percentages
of total metal concentrations.
For each element, values varied
with the extraction procedure
and the sediment type. The
percentage of Zn, Pb, and Cu
removed by the thre extractions
from vegetated sediments were
much lower than those recovered
from non-vegetated sediments.
For Ni and cr such differences
were not found
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Halophyte influence in metal speciation
Sediment Plant
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H. portulacoides
Folhas

ug metal / g PS planta

mg metal / g sediment

§ S.maritima

Metal speciation

m residual

cristalline Fe oxides 709y,
mamorphous Fe oxided
H organic complexes

Mn oxides

carbonates

exchangeable

Halimione portulacoides Spartina maritima
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Also the plant species is important influencing the sediment
biochemistry. Root activity, plant physiology are also important factores
influencing metal availability. Different halopytes, different influences.
Sediment colonised by Spartina maritima has higher concentrations of Cu
and Pb than sediments colonised by Halimione potulacoides. Metal
speaciation is also different in sediments colonized by Spartina maritima
and sediments colonized by H. portulacoides. The sediment colonized by
Spartinais richer in residual forms when compared with sediment
colonized by Halimione. Furthermore Halimione show the highest metal
concentrations in the tissues
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The accumulation of metals in sediments and vegetation,
together with the root-sediment interactions, all
contribute to an overall reduction of metal bioavailability
to plants.

This_suggests that sa t mar hes may be important areas

¢ reduice The environmentd! confaming uoncausem_»_u%
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