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Coastal pollution of the Mediterranean
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Pollution hot spots (full red circles) along the Mediterranean coasts (EEA 2006)
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* to biomonitor the present status of trace
element pollution along the French

Mediterranean coasts:
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“* to Iinvestigate the potential use of P.
oceanica and M. galloprovincialis to
biomonitor trace elements of environmental

“emerging concern”;
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* to study the mechanisms determining trace
element accumulation in both species, under
reference conditions or when exposed to

environmental changes of pollutant loads.
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trace element uptake and loss kinetics by both species.
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Conclusions

m===) The French Mediterranean coasts are
submitted to local (Sb, V), diffuse (Ag) and/or
chronic (As) contaminations by trace elements.

m===) trace elements of environmental emerging
concern ARE of concern.

m===) Extension of the list of trace elements
classically biomonitored to the 19 trace elements
studied in this work (multielement analyser such as
ICP-MS).
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Conclusions

m) STARESO = reference site in the
Northwestern Mediterranean sub-basin for the
monitoring of the pollution by trace elements.

mm==) STARESO = site little anthropized cfr
biometric indexes such as PREI (Gobert et al. 2009),
BIPO (Lopez y Royo et al. 2010).

=) STARESO = “a good reference monitoring
site”, as defined in the SeagrassNet Monitoring
Manual (Short et al. 2002).

=) STARESO meadow shelter an abundant,
complex and diverse community of amphipod
crustaceans (Michel 2011, Sturaro 2012).
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3. influence of P. oceanica and M. galloprovincialis lifestyle

on trace element bioaccumulation behaviour:
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Trace elements broadly studied

O M. galloprovincialis B P oceanica
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Trace elements little monitored

O M. galloprovincialis B P oceanica
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Bioaccumulation factors from seawater to: ¢ M. galloprovincialis = 5.2 10%
 P.oceanica =3.1 10%
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Lifestyle of organisms

« M. galloprovincialis = filter feeder
— homogenous and clean status of the
water column;

* P. oceanica = rooted primary producer
— weak point sources of long-term
accumulations of pollutants in sediments.
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on the health status of their environment — lifestyle.
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Conclusions

====) Both bioindicators effectively bioaccumulate
trace elements and give complementary information
on the health status of their environment — lifestyle.

m===) M. galloprovincialis: overall health status of
the water body; P. oceanica: time-integrated
response to weak human impact.

m====) |mportant to sample appropriate stations to
properly determine the health status of a specific
site, mostly in monitoring surveys using P. oceanica.
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Mesocosm

® 5 days of contamination
in June 2009;

® 410L bell-shaped
mesocosm,;

® Contamination every
12 hours (9am-9pm);

® 15 days of
decontamination.
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P. oceanica: environment vs. biological cycle
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Sea, sex and size ...

* Influence of size on TE accumulation by mussels grown
on ropes:

— YES?
— NO?

* Influence of sex on TE accumulation prior to spawn:
— males vs females.




2 00000000000000
Sea, sex and size ...

2 5- 2 5-
2.0+ 2 (=
i 2
TE 1.5+ = 1.54
o o
(=] n
= 1.0 :_3 1.0+
(@) O
K 0.5+ 0 5-
DD | L] | L] |} DD | L] ] |
N 40 50 60 70 80 90 50 50 70 80 90
E Shell lenght (mm) shell lenght (mm)
T o 5
| 4+ 44
C 2 -
B 34 B 34
S ™ ™
2 2
= 24 2 24
LiH] @Q
(3] (13}
1= 1
D L] | | L] ] D | | L] |
40 50 60 70 80 90 50 60 70 80 90

Shell lenght {mm) Shell lenght (mm)



2 00000000000000
Sea, sex and size ...

25- 2.5-
2.0- d 2.0-
E s Y
= Yad o
2 104 f‘é 9 g 5} = 104
] g& —OL | E C{. ]
K % p %ﬁ 0.5
| o
0.0 T T T T 1 0.0 T T T 1
N 40 50 60 70 80 90 50 60 70 80 90
E Shell lenght (mm) shell lenght (mm)
1- o 5
I d g
4+ o 4+
C J §9@9%$ 3 .
S d

Se (Hg.9 " ow)

%]

[

G

Ox Oy

[
e
%ﬂﬂ

Loy

[y

Se (9.0 "ow)

3

[ ]

0 L) ) I ) Ll 0 ) I L) Ll

40 a0 60 70 &0 a0 20 60 70 80 a0

Shell lenght (mm) Shell lenght (mm)



2 00000000000000
Sea, sex and size ...

2.51 2.9

2.0+

1.5+

Cr (9.9 "ow)
Cr (Hg.9 pw)

0.5+

DO 1 ] L) L}
a0 60 70 80 90

Shell lenght (mm)

nwuoO——mZz2—-X

Se (1g.0 " ow)
Se (1g.g ow)

0 ) L) ) L) L 0 I L) ) Ll

40 20 60 70 80 a0 20 60 70 &0 a0

Shell lenght (mm) Shell lenght {mm)



2 00000000000000
Sea, sex and size ...

2 5+ 251
204 d 2.0+
:§ :é 1.5
? ? 1.0
(] L]
K 0.54
| 0.0
N 50 60 70 30 90
E Shell lenght (mm)
T 5
| g
44 ¢
C 5 R AL T
S o o 4 ol @5‘3 P
E 2 L gy %% g
2
3 3 38 s ggﬁ
‘]-
D L] ) L] ) ] O ) ) L] )
40 50 60 70 80 90 50 60 70 80 90

Shell lenght (mm) Shell lenght (mm)




2 00000000000000
Sea, sex and size ...

2.51 2.9

2.0+

1.5+

1.0 g

Cr (9.9 "ow)
Cr (Hg.9 pw)

0.5+

0.0 T T Y ¥
a0 60 70 80 90

nwuoO——mZz2—-X

Se (1g.0 " ow)
Se (1g.9  ow)

Shell lenght (mm) Shell lenght (mm)




Y —2ZWEFE—-—0W0



nwuoO——mZz2—-X

00000000000000
Conclusions

m===) M. galloprovincialis and P. oceanica =
complementary bioindicator species (lifestyle) that
can be used concomitantly.



/ Q 00000000000000
Conclusions

m===) M. galloprovincialis and P. oceanica =
complementary bioindicator species (lifestyle) that
can be used concomitantly.

m===) TE kinetics under the influence of various
parameters that interact. environmental conditions,
physiology of the species etc.

nwuoO——mZz2—-X



/ Q 00000000000000
Conclusions

m===) M. galloprovincialis and P. oceanica =
complementary bioindicator species (lifestyle) that
can be used concomitantly.

m===) TE kinetics under the influence of various
parameters that interact. environmental conditions,
physiology of the species etc.

====) M. galloprovincialis: consensual monitoring
protocols (e.g. sexual dormancy) and kinetic models
(Casas et al. 2005, 2006, 2008); P. oceanica: no general
rule — common rules of use in monitoring surveys.
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1.

Contamination of the French Mediterranean coasts:

TEs of emerging concern ARE of concern.
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2. Conditions of reference for the NW Mediterranean:

STARESO.

Foliar stratum
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Complementary bioindicators.

M gallo. P. oceanica
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General conclusions

1. Contamination of the French Mediterranean coasts:

TEs of emerging concern ARE of concern.

2. Conditions of reference for the NW Mediterranean:

STARESO.

3. P. oceanica and M. galloprovincialis lifestyle:

Complementary bioindicators.

4. Uptake and loss kinetics:

Rapid balance modulated by biological cycles.
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Pollution of the Mediterranean French coasts

Gard /
Hérault

Nice. o
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mPort-Vendres Baiﬁa

Ajaccio
E

Zoom on the Mediterranean coastlines of France. Full red circles: pollution hot spots;
blue full circles: areas of major concern; full black squares: coastal cities (modified from
EEA 2006).
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Trace elements

fluxes;
Geophysicochemistry spatial distribution;

speciation, balances, ...

Trace elements Ecology Y ecosystems;
organisms.
Ecotoxicology iz adverse effects;
pollution, ...
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World production of trace elements
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World production of trace elements
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World consumption of trace elements

%
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(Source: BGR database)
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al. 2010)
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Biomonitoring

Number of references (1975-2010) on trace elements studied
In Posidonia oceanica
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Posidonia oceanica
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Left: P. oceanica shoots fixed on a plagiotropic rhizome. Right: (A) shoot of leaves on a
plagiotropic rhizome; (B, C) adult leaves; (D) intermediate leaf; (E) juvenile leaf
(modified after Libes and Boudouresque 1987).
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Mytilus galloprovincialis

Tissue morphology in M. galloprovincialis. Left - opened sexually matured male
(m) and female (f) mussels and isolated gonads (g) (Mikhailov et al. 1995). Right -
1 = mantle (gonad), 2 = muscular mantle edge, 3 = foot, 4 = hepatopancreas, 5 =
labial palps, 6 = gills, 7 = visceral mass, 8 = foot retractor muscle, 9 = posterior
adductor muscle, circles = gonad follicle regions spread over the mantle, small
white lines = indicate gonad duct). Scale bar 1 cm (Torrado and Mikhailov 2000).
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List of metrics used in the PREI, unit and methodology used to obtain the results for each metric,

PREI metrics and units

Methodology and references

Shoot density {shoot m~*)

Lower depth imit {m)

Type of this limit (regressive, progressive,
stable)

EJL

Leaf surface area {cm? shoot™ ')

Quadrat 20 = 20 cm Soullard et al, {1994 20 measurements at 15 m depth
Moted in situ by scuba diver
Moted in situ by scuba diver according to the classification of Meinesz and Laurent (1978

On 20 shoots sampled at 15 m depth: measurement of toral dry weight of epiphyte and leaf {adult + intermediate ) Dauby and

Poulicek (1995)
On 20 shoots sampled at 15 m depth: measurement of total leaf surface area according to the methodology of Ciraud [ 1979)
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Sampling strategy:

PREI: 42 sites sampled in april 2007 at 15m

PREI values calculated in Corsica and PACA.

CORSICA PACA
Station FREI Station
Cargise Ponteau
Tiucca Couronne
Ajaccio-nord Carry
Ajaccin-sud 0.495 Ensués
Porto Pollo (386 La Vesse
Figari-Bruzzi Corbiére ; .
Flantarells Nord Pomégues Boundaries and colour codes for the different levels of ecological status.
Sant'Amanza fdb Prado EQR Ecological status Color code
Sant'Amanza eb P. Chévres 1-0.775 High r
Large Diana Riou 0.774-0.550 Good
Bravone Calanque 0.549-0.325 Maoderate Yellow
Taglio lsolaccio Cassis 0,324-0.100 Poor
Large Biguglia Figuerolle =0.100-0 Bad
Erhalunga Banidol
Maccinagio 0.650 Brusc
St Florent 0478 Carqueiranne
Aregno Garonne
Calvi . Levant
Giens
Bénar
5t Raphael
Cap Roux
Antibes

Villefranche

List of metrics used in the PREI, unit and methodology used to obtain the results for each metric,

Z2Z0—4A>» -0 ><

PREI metrics and units Methodology and references
Shoot density {shoot m ) Quadrat 20 =« 20 cm Soullard et al, {1994 20 measurements at 15 m depth
Lower depth mit {m) MNoted in situ by scuba diver
Type of this limit (regressive, progressive, Moted in situ by scuba diver according to the classification of Meinesz and Laurent (1978
stable)
EfL On 20 shoots sampled at 15 m depth: measurement of total dry weight of epiphyte and leaf {adult + intermediate ) Danby and
Foulicek (1995)

Leaf surface area {cm? shoot ') On 20 shoots sampled at 15 m depth: measurement of total leaf surface area according to the methodology of Ciraud [ 1979)
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Cu: moderate conta. - shoots and leaves
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Cu: moderate conta. - compartmentalization
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Acute mesocosm
® 24h00 of contamination in June 2009;
® 54L rectangular-box mesocosm,;
® 5 contaminations, 1 every 3 hours (9am-9pm);

® 15 days of decontamination

A
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Cu: acute contamination - shoots
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Cu: acute contamination - shoots
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Cu: acute contamination - shoots
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Cu: acute contamination - shoots
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Cu: acute contamination — shoots and leaves
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Cu: acute contamination - rhizomes
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Cu: acute contamination - rhizomes
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Cu: acute conta. - compartmentalization

CU (MY Opw )
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Tissue compartmentalization

1 = mantle (gonad), 2 = muscular mantle
edge, 3 = foot, 4 = hepatopancreas, 5 =
labial palps, 6 = gills, 7 = visceral mass, 8
= foot retractor muscle, 9 = posterior
adductor muscle, circles = gonad follicle
regions spread over the mantle, small
white lines = indicate gonad duct) (Torrado
and Mikhailov 2000).

leaf base
(+— stipule

(A) shoot of leaves on a plagiotropic rhizome;
(B, C) adult leaves; (D) intermediate leaf; (E)
juvenile leaf (modified after Libes and
Boudouresque 1987).
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Cr (hg.9 " ow)

M. galloprovincialis
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M. galloprovincialis
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P. oceanica
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P. oceanica

1.V (Mn, Co, Ni, As,
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P. oceanica

1.V (Mn, Co, Ni, As,
Se, Mo, Sb, Pb, Bi).
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P. oceanica

1.V (Mn, Co, Ni, As, Hypotheses:
Se, Mo, Sb, Pb, Bi).

» water column
a accumulation
» residence time
» dilution effect

40

30 m

. ’L. .

D 20 .

o |

e

~ 10 .
il !
L
e (W
I t—r

T

f

w
> |
—

T. Isolaccio VL sAL



=t
-

Z0——A>N—TT2>H4Z2mZ4202>0VTZ00

P. oceanica

1.V (Mn, Co, Ni, As, 2. Zn (Se, Cd).
Se, Mo, Sb, Pb, Bi).

a
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Hypotheses:

» water column
accumulation

» residence time
» dilution effect
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P. oceanica

1.V (Mn, Co, Ni, As, 2. Zn (Se, Cd). Hvpotheses:
Se, Mo, Sb, Pb, Bi).

» water column
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P. oceanica

1.V (Mn, Co, Ni, As, 2. Zn (Se, Cd).
Se, Mo, Sb, Pb, Bi).
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Hypotheses:

» water column
accumulation
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P. oceanica

1.V (Mn, Co, Ni, As, 2. Zn (Se, Cd).
Se, Mo, Sb, Pb, Bi).
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P. oceanica

3. Cr (Al, Fe, Ag).
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P. oceanica

3. Cr (Al, Fe, Ag).
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P. oceanica

3. Cr (Al, Fe, Ag).
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4. Cu.
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» sediment
accumulation
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P. oceanica

Cr(ng.g DW-I)

3. Cr (Al, Fe, Ag). 4. Cu. Hypotheses:
» sediment
2.5 accumulation
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P. oceanica

3. Cr (Al, Fe, Ag). 4. Cu. Hypotheses:
» sediment
2.5 accumulation
» Cu = essential
70 micronutrient
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P. oceanica

3. Cr (Al, Fe, Ag). 4. Cu. Hypotheses:
» sediment
2.5 accumulation
» Cu = essential
20 micronutrient
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Conclusion

m===) Each body compartment shows a specific
bioaccumulation behaviour.

mm) TE compartmentalization can differ between clean and
contaminated sites.

me) Kinetics (uptake/loss, temporal) differ between
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mm) No single compartment represents the overall trace
element bioaccumulation by entire organisms.

m===) M. galloprovincialis: shellfish product raising health
Issues of food security (Pb, Cd, As).
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Conclusion

m===) Each body compartment shows a specific
bioaccumulation behaviour.

mm) TE compartmentalization can differ between clean and
contaminated sites.

me) Kinetics (uptake/loss, temporal) differ between
compartments.

mm) No single compartment represents the overall trace
element bioaccumulation by entire organisms.

m===) M. galloprovincialis: shellfish product raising health
Issues of food security (Pb, Cd, As).

Use entire individuals in monitoring surveys



