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BIOGEOCHEMICAL PROCESSES AT THE SEDIMEWANTER INTERFACE

Accumulation of contaminants in sediments and their potential Mob ik

A Secondary source of contamination
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BIOGEOCHEMICAL PROCESSES AT THE SEDIMEWANTER INTERFACE

DissolvedOxygen(DO)

4 water cotumn Early diagenesis» Redox Reactions

Organic matter Primary reactions Secondary reactions
© -

deep sediment

Organic matter remineralisation occurs through oxidative
reactions mediated by the bacterial community, that uses
the availableoxidisingagents

Aerobicmetabolism
Organicmatter canbe remineralisedthrough the metabolic The effect of these
activity of heterotrophic bacteriaor via aerobic respiration
whenDOis sufficiently availablein the overlyingwater or in
the porewater

reactions arefluxes
through the sediment
water interface (SWI)

Anaerobicmetabolism
OnceDO s depleted microorganismsswitch to using other

] glehct_l_rmz;)cicgpg E_I_saé]ng?gkt]hje iegondaryomdants SUCN@S 16 effect of thedegradationreactionsof organicmatter

A Thepromotion of a soluteflux through the sedimentwater interface

@
' A Porewateracts as the medium through which the migration of this flux occimducing
the exchange of dissolved species between the sediment and the overlying water

O
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BIOGEOCHEMICAL PROCESSES AT THE SEDIMEWANTER INTERFACE

BIOGEOCHEMICAL CYCLE OF MERCURY IN AQUATIC SYSTEMS

Hg(Il) < He®

Hg,(u)q-Hgo l (CH,).Hg Hg®, Hg(ll) Hg
f——

Hd Elemental mercury

Gaseous formhighly insoluble

Longrange transport

Exposure to vapors causesurotoxic effects("mercurialisnt)
Accumulates in the kidneys

Hg-Hum

Plankton
HgCl i ’

Lands & Lakes Oceans Surface
CH;Hg = Cx+Hg®
Hg® &= Hg(ll)

Oxic Water h q_CH HgOH HgClOH
CO;, CH, +Hg(u)<—‘

Oxidative /
Process |

merB g~

8 Algal Metabolites Hq2+ lonic mercury

Yt Liquid form, soluble

Reactive

Bioavailable

Harmful to the skin and mucous membranes (kidneys, liver), cansespathies

Catalase

) 3 y Anoxic Waters
(‘ _ HSEHSk‘ ~gmmm HgS,, & Sediments
Barkayet al. (200 S

CHHg" Monomethylmercury(MeHg
Accumulates in biological tissu€absorbed through the intestines and placenta), with high affinity for protebkg®&ips
Neurotoxing the most toxic form of mercuryresponsible for delayed psychomotor development in children and for hearing and vision impairment

> Oxigenrichg G SNJ h | 3 NIBHRYADG A 2 Y

Oxygenpoor g | i S NJméetylatiEin and MeHgproduction

CHHg

Sulfatereducingbacteria iron-reducingbacteria
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HOW TO MEASURE FLUXES AT THE SEDIMEN/ATER INTERFACE

Thestudy of fluxesat the sedimentwater interface: understandinghe biogeochemicatycle
of the elementsinvolvedin the remineralisationof organicmatter "

1. DIFFUSIVELUXES 2. BENTHIELUXESINSITU 3. LABORATORY BENTHIC
= _ - Y CHAMBER EXPERIMENT

:. TheC A Giiks iy
. !. Flux: U (N0 0 R
., Qzmmolm — % — e 1l o (8 8)@d)
. 6 o)
. J = diffusivdlux (g cnis?)
5 « =sedimentporosity Zago et al., 2000
= —=sedimenttortuosity . . -
a C =concentration(mg L2 0 (¢ 0 )(wj 0)
D,, =diffusioncoefficientd ¥ -°amfis?) (0 0)

dd a2 =difference between concentration in supernatant water and
porewaters at depth z (1 cm)

Conc Y

V = volume of thdenthicchamber
A = area of thdenthicchamber
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WHAT IS THE ISSUE?

Val Noghera

% Adriatic sea

| I IL MERCURIO DA ELEMENTO «RICERCATO» A ELEMENTO «BANDITO»

Val Noghera

Q‘

Effects ofHg bioaccumulatioralong
the food web, especially in
commercially important fish species
0.50 pg ¢ ww (EC Reg.d4881/2006)
Sparusaurata

4ug g

Dicentrarchudabrax

(Brambatj 1997)
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Hg ANDMeHg BEHAVIOUR AT THE SEDIMENWATER INTERFACE

In situbenthic chamber
experiments

DETERMINATION OF Hg ANEHgFLUXES
AT THE WATEREDIMENT INTERFACE '

Scarce water exchange

~

Surplus obrganic matterand

§ hypoxia/anoxia hypoxic/anoxicconditions at the
_ sedimentwater interface
SEDIMENT l

porewater Hg methylation is
promoted

Measurements oin situ benthic fluxesare commonly used to evaluate the
release of Hg species from contaminated sedimeats] can give an
estimation of the potentiatisk for Hg bioaccumulation in the biotavhich
can pose a threat to human health through seafood consumption
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Hg ANDMeHg BEHAVIOUR AT THE SEDIMENWATER INTERFACE

Q‘
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Hg ANDMeHg BEHAVIOUR AT THE SEDIMENWATER INTERFACE

t MeHg
1o

DGM

SEDIMENT

Annual Recycling Efficiency:
62% Hg Tot

HgsedF

Covelli et al., 200Emiliet al., 2012

WESTERN SECTOR

BENTHIC FLUXES
213 0.04 0.03

MB (Marano Lagoon) mg m?* year’
2008-2009
L4
! SEDIMENTATION

v =0.12 cm year”

SEDIMENT

Annual Recycling Efficiency:
24%

Hg Tot
BURIAL

mMmdad x3I 3

BAR (Grado Lagoon)
2003-2004

EASTERN SECTOR

mg m* year"'

SEDIMENTATION
v = 0.2 cm year’

BENTHIC FLUXES
40 018 o021

Recycling of Hffom the sediment to the water column 1g&ry active

MeHgposes the higher risk fgrotential bioaccumulationin clams
Hg reductionseems to be amimportant process in this environmentwith DGM fluxes which

are similar or higher thaMeHgfluxes.

Overall,the eastern LagoonGradg appears to be the most critical sectar terms of Hg

transfer from sediments to the water column.
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Hg ANDMeHg BEHAVIOUR AT THE SEDIMENWATER INTERFACE

VN1

A most recent sector built in
6§KS c¢cnQa

A more intense recirculation
of waters

N3
A older sector (beginning 29
century)
A Limited water recirculation

® 3
9

Petranich et al., 2018 .
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Hg ANDMeHg BEHAVIOUR AT THE SEDIMENWATER INTERFACE

Sedimentporewater ) SEDIMENT CORE EXTRUSION AND EXTRACTION OF SEDIMENT POREWATERS

SUMMER; SITE VNS”

DHg (ng/L) H,S (umol/L)
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" Wat\ !P UO“"-.__ Water
» sed o | Sediment™ ~g
14 /, 1 l
b
2 21 /
e ; 5
£ r
2 4 4 9
Zone of Fe and Mn oxides and hydroxides reduction® . ‘
Activity of sulfatereducing bacteria l
‘ [-xel - Mg 6 o]
—0— DMeHEg
I 7 :
A HighestMeHgconcentrations(>10 ng/L) in théop 2 cm of sediment ~ ° m;ng { j: " = Petranich et al., 2018

A Hg andVleHgconcentrationsdecrease with increasingepth

Al AIK 1i{ O2yOSYiN)OA2YVaA
Persistent hypoxia/anoxia at the

watercsediment interface
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BENTHIC FLUXES: FISHFARMS VS OPEN LAGOON
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Thebenthic fluxes of Hg ant¥leHgat station VN3
.‘ were found to behigher(by up to two orders of )
‘ magnitude) compared to the lagoon environment

L2 0SYOALEt aoA2NBFOG2|
for MeHgproduction

Petranich et al., 2018
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INCUBATION EXPERIMENTS WITH BENTHIC CHAMBERS

Benthic chamberlandsediment Benthic water removal
coresjust after collection

E—

Detail of themagneticstirrer with Benthic chambeready for incubationin Water samplingusinga

electricmotor and thesamplingtubing athermostatedroom. The black bag plasticsyringe
keeps the chambesway from light
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INCUBATION EXPERIMENTS WITH BENTHIC CHAMBERS
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INCUBATION EXPERIMENTS WITH BENTHIC CHAMBERS

®

GradoLagoon¢ BAR
Hg (12.510.6 ug )

Sedimentrb MeHa(21.9-0.60naol)

H,Swasproducedduringthe
anoxicphase

During theoxicphase, THg

decreasedconcomitantlyg A U K

consumption

When the system shifted to

anoxic conditions THgincreased
to a maximum valueand then
decreased to zerat the end of

the anoxic phase

At the end of the anoxic phase
® the dissolved Hg present in the
water column wa®ntirely in the

I methylated form

®

Hmol L

ng L

-
o
c

15

‘ ® oxic O anoxic ‘

° H,S
2

(o]
o
o ©

e %0
0 10 20 30 40

time (days)

THg
Leoe
0 10 20 30 40
time (days)
0 MeHg
o
o]
o
[o]
o9 ©F°
0 10 20 30 40
time (days)

Hmol L

-

O AN WE OO N® OO

8

40
35 4
30 4
25 4
20 +
15 4
10 4

0
time (days)
Missing<sorry!
MeH ’
erng .
o
o
o
o o
51 o
o ‘ ‘
0 10 20 30 40
time (days)

TriesteGulf¢ AAl
Hg (2.80-4.02 pg ¢)

MeHg(1.07-0.16nggl)*

| ® oXic O anoxic |

o]

H,S

o
[e]

o}
o © °o [e}
-: Il !

10 20 30 40

IL MERCURIO DA ELEMENTO «RICERCATO» A ELEMENTO «BANDITO»

pmol L

ng L

TriesteGulf¢ CZ ®
Hg (0.77-0.89 ug ¢)
MeHg(0.39-0.13ng gl)'
| @ oxic Oanoxic ® oxic |
25 © st
1: 000 oooooo e
' 0 16 26 36 40
time (days)
2 o THg
4 . 00 OOO <:’o
:” : ° P ,
0 10 2 30 40
time (days)
: © MeHg
o [®ese® o ;:C‘oo 'o!
0 10 20 30 40
time (days)

Covelli et al., 200Emiliet al., 2011
7-8 settembre 2025, Abbadia San Salvatol



Hg ANDMeHg BEHAVIOUR AT THE SEDIMENWATER INTERFACE

mm) DETERMINATION OF Hg ANEHgFLUXES
AT THE WATEREDIMENT INTERFACE

In situbenthic chamber
experiments

Scarce water exchan”

. « | Surplus of organic matter and
3 hypoxic/anoxic conditions at the

sedimentwater interface

>

| hypoxia/anoxia
QN Methylation
SEDIMENT l
DO LR2GSYGAFT GoA2NBI

for MeHgproduction

Thebenthic fluxes of Hg anéleHgat station VN3 were
found to behigher (by up to two orders of magnitude)
compared to the lagoon environment

ANY SOLUTION
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REMEDIATION OF MERCURY CONTAMINATED SITES

Traditionalremediation options for Hgcontaminatedsoilsand sediments

A DREDGINGnassemoval
resuspensiorandremobilisationof contaminants

A IN SITUCAPPINGow cost,fewer adverseenvironmentalimpactsthan dredging
remobilisationof buried contaminantsthroughthe cappinglayer

In situsorbentamendmentscanprovidelow-cost, low impact approacHor remediation

BIOCHARA canreduce thebioavailability of Hgin sedimentScomezysiest al., 20188undschutet al., 2015)
A canreduce the Hg concentratiom soil leachatenao/ 2yy2ni si6 rt oz wamyo
A canremove MeHgfrom solution @omezeysies et at., 2013; Liu et al., 2017; Wang et al., 2019)

IL MERCURIO DA ELEMENTO «RICERCATO» A ELEMENTO «BANDITO» 7-8 settembre 2025, Abbadia San Salvatol



WHAT IS BIOCHAR? HOW DOES IT WORKS?

Biochar is a solid and stable higarbon material, produced through thermal decompositio
(pyrolysis, <700) of organic material (biomass such as wood, manure or leaves) i
absence of oxygen or under oxygkmited conditions

Biochar is a highly versatile material used in agriculture, in (construction) materials,
SYGANRYYSY(Glf SYyaAySSNAy3I X X X

REMEDIATION OF CONTAMINATED SITES

BIOCHAR

A High porosity and surface area  gefdFcle | Thegoalisto reducecontaminant
A Large numb_er of_functlonal groups ‘“—*Zﬁ' 7“% — mobility and bioavailability in situ,
and adsorption sites ' =t : rather than removingthem
° Hg adsorption e

‘ P -2
Paddy soil/sediment = Reduced organics.
. S . . Yang et al., 2021
major mechanism foreducing the mobility
and bioavailability of Hg andleHg
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EXPERIMENTAL DESIGN AND STUDY AIMS

INCUBATION EXPERIMENT USING BENTHIC CHAMBERS

UNTREATED SEDIMENVERSUS| SEDIMENT AMENDED WBICHAR

" . _ biochar from vineyard
Under the most critical conditions ahoxia pruning residues

- ——mmmmm B A2

C)/7 A Evaluate theeffects of biochar on
biogeochemical processes the sediment

water interface
A Evaluating thebility of biochar in reducing
Hg mobilityat the sedimemwater interface

iIn one of themost productive fish farmof the
Maranoand Grado Lagograffected byHg
contamination
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LABORATORY ACTIVITIES

9

®

BENTHIC CHAMBERINTREATE
SEDIMENT (CONTROL)

BENTHIC CHAMBEBR

SEDIMENT AMENDED WITH BIOC

EXPERIMENTAL STEPS
1. STEP & de-oxygenation oxicanoxic transition (until DO < 1 mg/éx)
2. STEP 2 anoxia(DO < 1 mg/L or < LOD)
3. STEP 8 re-oxygenation

DAILY SAMPLING

Dissolved oxygen (DO)

Physicechemical parameters {TpH, ORP, salini
Dissolved hydrogesulphide(H,S)

DissolvedHg andMeHg

Dissolved Fe and Mn

Nutrients (NNG,, NNG;, NNH,, RPQ)

TOT = 35 days of experiment
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RESULTS: PHYSIGGHEMICAL PARAMETERS

8 300- 1204 LEGEND "
— 1% 200+ <, 100 Benthic chamber ¢ control
— 67 \ /‘ E 100 {X /‘ x| 5 s0- ol = i Benthic chamber B biochar
£ 4- 5 Al Al = ol .b\ I E 60- | @ oxicanoxic transition
~ { /¥ a ] k‘ | ;L = O anoxia
®) \ £ ez -100 EaS ) 40 .
a2 le [e) M Y00 | ) A re-oxygenation
ar 2001 oS T 297
0 D= (0.9, -300 0
1 1 1 1 | 1 | 1 1 1 1 1 | 1 | 1
0 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Time (days) Time (days) Time (days)
REOXYGENATION
ONIEAINEYE VIRdan SV LIOIN A Oinchase of (D)O concentration
A decrease of DO concentration A more oxidative conditions
A more reductive conditions - .
® A decrease of k& concentration
® L sulphideoxidation/precipitation
. processes
ANOXIA
A anoxic and reductive conditions R
- . . o avonl et al.,
A increase of E5 concentration sulphatereduction processes
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RESULTS: DISSOLVED Fe and Mn
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OXIGANOXIC TRANSITION

Ve

A increase of Fe and Mn concentrations

desorption/dissolution of F&Mn oxi-hydroxides

A]\IOXIA

A decrease of Fe concentration
precipitation ofsulphides

A dissolved Mn remains elevated

R,E—OXYG ENATION
A dissolved Fe remains < LOD
A decrease of Mn concentrations

L oxidation/precipitation processes
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LEGEND ‘

Benthic chamber € control
Benthic chamber B biochar
@ oxicanoxic transition

O anoxia
A re-oxygenation

Pavoni et al., 2025
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RESULTS: DISSOLVED Hg arMeHg

Hg (ng L)
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@® oxicanoxic transition
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RESULTS: Hg andMeHg FLUXES AT THE SEDIMENWATER INTERFACE
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DHgFlux(ngm=d1) | DMeHgFlux(ng m=d1)
684 468

DHgFlux(ngm=d1) | DMeHgFlux(ng m=d1)

68.6 71.7

DHgand DMeHdfluxeswere an order of
magnitudelower in the biocharamended system

DHgand DMeHgwere reduced by 75 and 90%
under anoxia in thebiocharamendedmesocosm

Pavoni et al., 2025
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CONCLUSIONS AND FUTURE PERSPECTIVES

A Hypoxic and anoxic conditionstrongly influence theemobilisationof Hg speciesparticularlymethylated
forms, with notable fluxes from sediments to the water column "

;» Therelease of Hg specias probably the result adeveral processesuch agsliffusion from porewater;
dissolutionof some fraction of the surface sediment, add methylation

A MeHgreleaseunderanoxic conditions cannot be predicted based only Hgcontent of the sedimentand other
factors should be considered to explain Hg &eHgdynamics at thesedimentwater interfacein these coastal

environments

A There-oxygenationsuggests thateversion tooxic conditions removes Hg species from the water colupmost
probably throughprecipitation and coprecipitation with Fe and Moxi-hydroxides

A Biochar is effective in reducinglg andMeHgmobility at the sedimentwater interface, limiting the development of
anoxic conditions and promoting r@xygenation

biocharcould be gromising tool ‘ Evaluatebiochar effectivenesén situ,
for sediment remediation strategies under real environmental conditions
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