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ABSTRACT

Marine and estuarine harbor sediments are subject to anthropogenic input, including elevated concentrations of
potentially  toxic  metals  and their  accumulation is  based on various factors  including mineralogical  texture,
natural  background levels of metals,  recent  and historical  anthropogenic inputs,  dredging activities and port
development.  Metal toxicity and bioavailability depend on numerous parameters such as metal speciation; pH,
redox potential, temperature,…. The determination of the total concentration of heavy metals in sediments is not
sufficient to predict the potential adverse effect of those metals. Thus, to achieve a comprehensive assessment of
the  environmental  risk  presented  by  a  sediment,  three  aspects  have  to  be  considered  :  the  anthropogenic
enrichment of the metallic elements in the sediment, the measures of the bioavailability and the potential adverse
biological effects. 
This study reports the results obtained from 13 dredged habour sediments, focusing here on the Zn element. The
total  concentrations  are  determined  after  microwave assisted  mineralization.  A  sequential  extraction  (1)  is
conducted  to  get  information  on  the  geochemical  distribution  of  Zn  and  its  mobility,  then  potential
bioavailability. Indices of contamination are then used to evaluate the sediments with respect an Enrichment
Factor  (EF  calculated  according  to  (2))  and  the  estimation  of  the  Zn  adverse  biological  effects  (AEI,  as
recommended by (3)). Correlation between enrichment, mobility and biological effects are investigated. In all
the samples an important enrichment is shown at levels known to induce adverse biological effects according to
the calculated AEI values. Some strong correlations between EF and mobility are also noticed.
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INTRODUCTION

Significant  dredging  activity  is  constantly
required  to  enlarge,  deepen  and  maintain  harbor
access and activities. However, the management of
the dredged sediments is an issue, particularly when
contaminant  concentrations  prevent  immersion  at
sea or land disposal.

The  accumulation  of  pollutants  such  as  heavy
metals in sediments depends on various parameters
such  as  natural  background  levels,  mineralogical
characteristics  of  the  sediments,  anthropogenic
inputs.

The total concentrations of metals are useful  to
calculate various contamination indexes, but are not
sufficient to predict the real potential adverse effect
on the environment:  the metals toxicity depends on
other  parameters  such  as  mobility  and
bioavailability.  Indeed,  adsorbed  metals  are
potentially available from the sediments as they may

be dissolved due to changes in salinity,  pH, redox
conditions, organic chelators occurrence... [1].

This  potential  mobilization (or  lability)  can be
estimated  by  chemical  extractions.  Sequential
extraction  procedures  (several  steps)  are  used  to
differentiate mobile from residual fractions, and to
characterize  the  different  labile  fractions  [1-4],
which  is  sometimes  designed  as  mineralogical
speciation  or  geochemical  fractionation
/partitioning / distribution.

The sequential procedure uses various chemicals
reagents to carry  out successive leachings of  the
specific geochemical fractions and several different
protocols are proposed in the literature [1, 4, 5, 6]
Despite  the  possible  lack  of  selectivity  and  re-
adsorption phenomena [7-8], sequential  extractions
are  still  widely  used  to  predict  the  mobility  and
potential bioavailability of metals. 

Few  studies  report  on  the  anthropogenic
enrichment  of  elements  in  the  sediment  in
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combination  with  measures  of  the  bioavailability
and  potential  adverse  biological  effects  of  those
elements. 

This  paper  focuses  on  the  zinc  element  and
reports  the  results  obtained  from  13  harbors
sediments sampled on both the UK and French side
of the English Channel. We investigate the possible
relationships  between  the  zinc  total  content,  its
fractionation  and  calculated  indexes  of
contamination such as Enrichment Factor (EF) and
adverse biological effects (AEI).

MATERIALS AND METHODS 

Sediments samples

The  13  studied  sediments  (designed  hereafter
from A to M) were sampled in 13 harbors on each
side of the English Channel (Fig.1), using either a
diver, a grab or a suction dredger, depending on the
available techniques [9]. After homogenization, the
sediment samples were air-dried for 4 days, sieved at
500µm using a nylon sieve, then ground manually
(agate mortar and pestle), and finally stored at 4°C
before further analysis.

Fig. 1 Location of the 13 sampling points;

Zinc total levels and geochemical partitioning

Total concentration

To get  the  total  content  of  zinc,  0.2g of  dried
sediment  was  digested  with  10 mL of  aqua regia
(HCl/HNO3,  3:1) in a Berghof speedwave MWS-2
microwave oven.  The analytical quality of the data
was  controlled  using  certified  reference  material
HR-1  (Canada  Center  for  Inland  Waters  National
Laboratory for Environmental). Each digestion was
performed in triplicate.

Sequential extraction

The procedure used [1, 10] is detailed in Table 1.

Table 1 sequential  extraction  procedure  according
[1].

reagent C (M) pH tmin

F1 Water 5.7 30

F2 Mg(NO3)2 1 M 5.0 120

F3 NaOAc/HOAc 1 M 4.5 300

F4 a NH2OH HCl 0.1 M 3.5 30

F4 b (NH4)2C2O4

+ H2C2O4

0.2 M
0.2 M

3.0 240

F4 c (NH4)2C2O4 + 
H2C2O4 + 
C6H8O6

0.2 M
0.2 M
0.1M

2.3 30

F5 H2O2

+ HNO3 
then NH4OAc

35%/
0.02 M
3.2 M

2.0 300

C  (M)  :  reagent  concentration  in  mol.L-1;  tmin =
agitation time in minute; M = mol.L-1.

This  procedure  reveals  the  geochemical
partitioning of the elements between 5 operationally
defined  fractions:  F1:water  soluble,  F2:
exchangeable,  F3:  acid-soluble,  F4:  reducible  and
F5: oxidisable. The sum of these five fractions (ΣF)
represents  the  total  labile  fraction.  The  remaining
part is designed as the residual fraction.

Three  replicate  of  each  step  (L/S  :  1/10)  are
performed. After filtration of the solid/liquid mixture
at 0.45 µm, the leachates are stored at 4°C prior to
chemical  analysis.  The  detailed  procedure  is
reported elsewhere [1, 11].

Chemical analysis

All the leachate solutions and acid digests were
analysed  using  ICP-AES  (inductively  coupled
plasma-atomic emission Spectrometry, Varian, Vista
MPX).  The  detailed quality  criteria  controlled  are
reported elsewhere [10, 11].

Indices of contamination

Enrichment Factor (EF)

To detect possible anthropogenic contamination
the calculation of an enrichment factor (EF) is used
by several authors [12-15].

The EF formula  proposed  by [16]  involves  an
internal reference element (a normalizer): aluminium
was  chosen  for  this  purpose  in  the  present  study
(detailed description of Al  analysis and results are
given elsewhere [9]). Geochemical background data
are also needed to calculate EF: the  average shale
values reported by [17] are retained in our case, as
proposed by many authors [13, 18, 19]. Then, EF is
calculated as follow:
EF = ([Zn]/[Al]) sediment/([Zn]/[Al]) reference               (1)
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with [X] sediment = concentration (mg.kg-1) of X in the
sediment sample and ([Zn]/[Al])reference = (95/80) ac-
cording to [19].

Then, as many authors [14, 20, 21], we consid-
ered:
- metal deficiency to low enrichment for EF < 2;
- moderate to significant enrichment for 2 ≤ EF <
20;
- very high enrichment for 20 ≤ EF < 40;
- extremely high enrichment for EF ≥ 40.
Moreover, EF above 4 would indicate that the metal
is mostly provided by anthropogenic influence [14,
20, 21].

Adverse Effect Index (AEI)

EF cannot be used to evaluate the probability of
toxic  effects  on  biota.  In  the  absence  of  toxicity
studies, [22] suggest that element concentrations can
be  compared  with  Threshold  Effect  Level  (TEL)
sediment  quality  guidelines  (SQG)  developed  by
[23]  in  order  to  assess  an  Adverse  Effect  Index
(AEI). AEI is calculated as follow:
AEI = [Zn]/TEL                                              (2) 
with TEL = 124 mg.kg-1 for Zn [23]. 

If  AEI  <  1,  the  metal  concentration  is  not
sufficient  enough  to  induce  negative  biological
effect (or moderate impact are suspected), whereas
important adverse effects on biota are probable when
AEI ≥1 [22].

RESULTS

Zn total Concentration, EF and AEI values

Table 2 reports the total concentrations of zinc
determined in the 13 sediments.  

Table 2 Total  concentration  of  Zn  (mg.kg-1),
Enrichment Factor (EF) and Adverse Effect
Index (AEI).

Sediment [Zn] EF AEI
A 235 ± 15 6.2 1.9
B 120 ± 3 4.6 1.0
C 286 ± 21 9.4 2.3
D 213 ± 11 4.5 1.7
E 1226 ± 50 59.6 9.9
F 290 ± 19 7.8 2.3
G 120 ± 3 5.3 1.0
H 53 ± 1 3.4 0.4
I 233 ± 19 12.3 1.9
J 123 ± 1 3.0 1.0
K 233 ± 18 18.6 1.9
L 393 ± 8 10.1 3.2
M 289 ± 29 7.8 2.3

These results were then used to calculate EF and
AEI (see Table 2) according to Eq. (1) and Eq. (2)
respectively.

The  sediment  H,  with  the  lowest  total  content
and low EF values (respectively 53 mg.kg-1 and 3.4),
is also the only sediment with a value of AEI < 1
(AEI = 0.4). All the other calculated AEI equal or
exceed  1,  indicating  possible  biological  adverse
effects due to zinc in the sediments.

The correlation between EF and AEI  values  is
displayed on Fig. 2.

Fig. 2 AEI  versus  EF for  Zn considering the
13 sediments.

The linear  regression then obtained,  with  R2 =
0.92,  confirmed  the  link  between  enrichment  and
possible  negative  effect  on  biota.  The  linear
regression  equation  (see  Fig.  2)  can  be  used  to
estimate  the  threshold  value  of  enrichment  (EF
value) over which the sediment could be considered
as toxic (as soon as AEI ≥ 1). In our case, AEI =1
for EF = 2.8,  which suggests  that  any enrichment
above 2.8 could correspond to toxicity incidence of
the  sediment.  This  value  is  similar  to  the  one
estimated by [22]  and suggests that  for  zinc, even
quite  low  enrichment  could  induce  negative
biological effect. In our case, it confirms that all the
dredged  sediments  should  not  be  disposed  at  sea
before further analysis.

Zn geochemical distribution

Figure  3  displays  the  zinc  fractionation,
according the sequential procedure applied, for each
studied sediment: the % of the total Zn mobilized in
each fraction is reported.
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Fig. 3 Zinc  fractionation  in  the  13  sediments
according the applied sequential extraction.

Except  for  the sediment  M (∑F = 12.5%),  the
total labile fraction of Zn exceeds 30% for all  the
sediments, and even 50% for most of them. This is
in agreement with several studies that consider that
Zn  is  one  of  the  most  mobile  metals,  as  mainly
associated  with  the  non-residual  fraction [29-33]  .
As generally reported in the literature [33- 36] Zn is
found  mainly  associated  to  the  acido-soluble,
reducible and oxidable fractions, with a distribution
that  can  vary  from  one  sample  to  another.  For
example, no zinc is associated to the acido-soluble
fraction in the sediments A, E and J. On the other
hand,  no  mobile  Zn  is  associated  to  the  oxidable
fraction in sediments F and M.

The  lack  of  Zn  in  the  water  soluble  and
exchangeable fractions (often considered as the most
environmentally available fractions [14]) is probably
resulting from the natural  in-situ leaching of these
marine sediments by the sea water.

Relationship between EF, AEI and Zn mobility

We  then  investigate  the  possible  relationship
between the Zn distributions and the Zn enrichments
or possible adverse effects.

Table 3 Pearson correlation coefficients (r) between
mobile Zn (mg.kg-1) and EF or AEI for the
geochemical  operationally  defined
fractions.

mobile
fraction :

EF AEI

F1 -0.14 -0.04
F2 -0.20 -0.11
F3 -0.09 0.02
F4 0.64 0.70
F5 0.95 0.94
ΣF 0.91 0.96

NB : “strong correlation”: 0.8 < r ≤1.0;
         “affinity” 0.6 <r ≤ 0.8

Correlation  analysis  between  mobile  zinc
(quantities  of  zinc,  in  mk.kg-1,  mobilized  in  each
fraction)  and EF,  then AIE,  for  the 13 sediments,
were  realized.  The  correlation  coefficients  are
reported in table 3. 

The  r  values  are  similar  for  EF  and  AEI,
obviously  as  a  consequence  of  the  relationship
between these two parameters, as previously noticed
(Fig. 1).

The results show a strong link between the total
labile fraction contents (ΣF) and the enrichment or
possible  adverse  effect  (r  =  0.91  and  0.96
respectively for EF and AEI).

This  suggests  that  the  more  enriched  the
sediment  is,  the  more  the  quantity  of  labile  (then
available) Zn is. Therefore, the increase of negative
biological effect could be logically expected with the
rise of the amount of available zinc.

The  geochemical  fractions  involved  are  the
reducible (r = 0.64 and 0.70 respectively for EF and
AEI) but mainly the oxidable fractions r = 0.95 and
0.94 respectively for EF and AEI).

No correlation exists with the water-soluble nor
the  exchangeable  fractions  (r  from -0.2  to  -0.04),
which is obviously due to the lack of Zn in these
fractions, for all the studied sediments.

However, despite significant quantities of Zn in
the acido-soluble fraction, often considered as a pool
of easily available elements,  there is no significant
link between the quantities mobilized in this fraction
and possible negative effects on organisms (r = 0.02
for AEI).

CONCLUSIONS

The  aim  of  this  work  was  to  assess  the
environmental risk for 13 dredged marine sediments
sampled  in  13 harbors  from the  English  Channel,
focusing  on  the  potential  impact  of  zinc.  The
determination of  the  total  content  of  Zn,  then  the
calculated enrichment factor (EF) derived from these
values,  indicate  moderate  to  extremely  high
enrichment for these sediments that can be attributed
to anthropogenic inputs.  This is in agreement with
the  zinc  contamination  reported  by  other  authors,
associated  either  to  harbor  activities,  mining
activities  or river  contamination in estuaries zones
for  several  of  the  studied locations  (see details  in
[9]).  These  enrichments  are  linked  to  possible
adverse effect on biota, that were estimated by the
calculation of the AEI values for each sediment.

The  zinc  mobility  was  estimated  thanks  to  a
sequential extraction procedure and correlation with
EF  or  AEI  were  searched.  As  usual  reported  the
mobile (then available) zinc is mainly associated to
the reducible, oxidable fraction and/or acido-soluble
fractions.  The  link  between  probable  negative
biological  effects  and  the  total  labile  fraction  is
observed.  Moreover,  despite  the  oxidable  fraction
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(mainly constituted by organic matter and sulfides)
is generally considered as the most stable, a strong
link  between  this  fraction  and  adverse  biological
effect is noticed for zinc in our case. 

ACKNOWLEDGEMENTS

This  study was a part  of  the  European project
SETARMS  (Sustainable  Environmental  Treatment
and re-use of Marine Sediments). The authors would
like  to  acknowledge  the  financial  support  of  the
European  Regional  Development  Fund  (ERDF),
Interreg  IVA  and  Regional  Council  of  Basse-
Normandie.

REFERENCES

[1] Leleyter  L  and  Probst  JL  “A  new sequential
extraction  procedure  for  the  speciation  of
particulate  trace  elements  in  river  sediments.
International”,  J.  Environ.  Anal.  Chem.,73,
1999, pp 109-128.

[2] Ure A, Davidson CM and Thomas RP, “Single
and  sequential  extraction  schemes  for  trace
metal speciation in soil and sediment”.  Quality
Assurance  for  environmental  analysis,
Quevauviller, Maierand Griepink Eds, Elsevier,
1995, pp 505-523.

[3] Shuman  L  “Fractionation  method  for  soil
microelements”, Soil Sci., 140, 1985, pp 11-22.

[4] Tessier A, Campbell P, Bisson M, “Sequential
extraction  procedure  for  the  speciation  of
particulate  trace  metals”,  Anal.  Chem.,  51,
1979, pp 844-851.

[5] Ure  A,  Quevauviller  P,  Muntau  H,  Griepink
B,“Speciation  of  heavy  metals  in  soils  and
sediments. An account of the improvement and
harmonization  of  extraction  techniques
undertaken under the auspices of the BCR of the
Commission  of  the  European  Communities”,
Int. J. Environ. Anal. Chem., 1993, 51, pp 135–
151. 

[6] Rauret  G,  Lopez-Sanchez  JF,  Sahuquillo  A,
Rubio R, Davidson C, Ure A, Quevauviller P,
“Improvement of the BCR three step sequential
extraction procedure prior to the certification of
new sediment and soil  reference materials”,  J.
Environ. Monit., 1998, 1, pp 57–61. 

[7] Gomez-Ariza JL, Giraldez I, Sanchez-Rodas D,
Morales  E,  “Metal  re-adsorption  and
redistribution during the analytical fractionation
of trace elements in oxide estuarine sediments.
Anal. Chim. Acta, 1999, 399, pp 295–307. 

[8] Gleyzes C, Tellier S, Astruc M,  “Fractionation
studies of trace elements in contaminated soils
and sediments: a review of sequential extraction
procedures”,  Trends Anal. Chem., 2002, 21, pp
451–467. 

[9] Hamdoun H, 2013. Valorisation de se´diments
de  dragage  en  techniques  routie`  res  et
acceptabilite´  environnementale  :  caracte´
risation globale et e´tudes de mobilite´ s d’e´ le
´ments me´ talliques par extractions sim-ples, se
´ quentielles et cine´ tiques. Cas de se´diments
de  la  Manche  dans  le  cadre  du  projet
SETARMS.  Thèse. Université de Caen Basse-
Normandie, France (300 p.). 

[10]Leleyter  L,  Baraud  F,  “Selectivity  and
efficiency  of  the  acido-soluble  extraction  in
sequential extraction procedure”, Int. J. of Soil
Science, 2006; 1(2), pp 168-170.

[11]Hamdoun H, Van-Veen E, Basset B, Lemoine
M,  Coggan  J,  Leleyter  L,  Baraud  F,
“Characterization of harbor sediments from the
English  Channel:  assessment  of  heavy  metal
enrichment,  biological  effect  and  mobility”,
Mar. Pollut. Bull., 2015, 90, pp 273-280.

[12]Audry  S,  Schâfer  J,  Blanc  G,  Jouanneau JM,
“Fifty-year sedimentary record of heavy metal
pollution  (Cd,  Zn,  Cu,  Pb)  in  the  Lot  River
reservoirs (France)”. Environ. Pollut., 2004, 132
pp 413-426.

[13]Dubrulle  C,  Lesueur  P,  Boust  D,  Dugué  O,
Poupinet N, Lafite R, “Source discrimination of
fine-grained  deposits  occurring  on  marine
beaches: The Calvados beaches (eastern Bay of
the  Seine,  France)”,  Estuar.  Coast.  Shelf.  S.,
2007, 72, pp 138-154.

[14]Pourabadehei M, Mulligan CN, « Effect of the
resuspension  technique  on  distribution  of  the
heavy,  metals  in  sediment  and  suspended
particulate matter”, Chemosphere, 2016, (2016)
pp 58-67.

[15]Leleyter  L,  Rousseau  C,  Biree  L,  Baraud  F,
“Comparison  of  EDTA,  HCl  and  sequential
extraction procedures, for selected metals (Cu,
Mn,  Pb,  Zn),  in  soils,  riverine  and  marine
sediments”,  J.  Geochem.  Explor.,  2012,  116–
117, pp51–59.

[16]Covelli  S,  Fantolan  G.,  “Application  of
normalization procedure in determining regional
geochemical  baseline”,  Environ.  Geol.,  1997,
30, pp 34–45

[17]  Turekian KK, Wedephol KH, “Distribution of
the elements in Some Major Units of the Earth’s
Cruts”, Geol. Soc. Am. Bull., 1961, 72, pp 175-
192.

[18]Magesh  NS,  Chandrasekar  N,  Vetha  Roy  D,
“Spatial analysis of trace element contamination
in sediments of Tamiraparani estuary, southeast
coast of India”,  Estuar. Coast.  Shelf.  S., 2011,
92, pp 618-628

[19]Christophoridis  C,  Dedepsidis  D,  Fytianos  K,
“Occurrence and distribution of selected heavy
metals in the surface sediments of Thermaikos
Gulf,  N.  Greece.  Assessment  using  pollution



5th I2SM –Montreal (Canada), July 10-13, 2016

indicators”,  J.  Hazard.  Mat.,  2009,  168,  pp
1082–1091.

[20]Zaaboub  N,  Alves  Martins  MV,  Dhib  A,  B
ejaoui  B,  Galgani  F,  El  Bour  M,  Aleya  L,
“Accumulation of trace metals in sediments in a
Mediterranean  Lagoon:  Usefulness  of  metal
sediment  fractionation  and  elutriate  toxicity
assessment”, Environ.  Pollut.,  2015,  207,  pp
226-237.

[21]Zahra  A,  Zaffar  Hashmi  M,  Riffat  Naseem
Malik,  Zulkifl  Ahmed  “Enrichment  and  geo-

accumulation  of  heavy  metals  and  risk
assessment of sediments of the Kurang Nallah

—Feeding  tributary  of  the  Rawal
LakeReservoir,  Pakistan ” ,  Sci  Total  Environ.,
2014, 470–471, pp 925-933.

[22]Muñoz-Barbosa  A,  Gutiérrez-Galindo  EA,
Daesslé  LW,  Orozco-Borbón  MV,  Segovia-

Zavala  JA,  “Relationship  between  metal
enrichments  and  a  biological  adverse  effects

index  in  sediments  from  Todos  Santos  Bay,
northwest  coast  of  Baja  California,  México”,
Mar. Pollut. Bull., 2012, 64, pp405–409.

[23]Long  ER,  MacDonald  DD,  Smith  SL,  Calder
FD,  “Incidence  of  adverse  biological  effects
within  ranges  of  chemical  concentrations  in
marine  and  estuarine  sediments”,  Environ.
Manage., 1995, 19, 81–97.

[24]Padox JM, Hennebert P., Benard A, Mancioppi
L,  “Qualité chimique des sédiments marins en
France  :  Synthèse  des  bases  de  données
disponibles”,  INERIS,  2010,  rapport  d’étude,
102p.

[25]Sprovieri M, Feo ML, Prevedello L, Manta DS,
Sammartino  S,  Tamburrino  S,  Marsella  E,
“Heavy  metals,  polycyclic  aromatic
hydrocarbons and polychlorinated biphenyls in
surface  sediments  of  the  Naples  harbour
(southern  Italy)”,  Chemosphere,  2007,67,  pp
998–1009.

[26]Sorensen PG, Milne JR, 2009. “Porirua Harbour
targeted intertidal sediment quality assesment”,
2009,  Greater  Wellington  Regional  Council,
Publication, 136p.

[27]Chen  CW,  Kao  CM,  Chen  CF,  Dong  CD,.
“Distribution and accumulation of heavy metals
in the sediments of Kaohsiung Harbor, Taiwan”,
Chemosphere, 2007, 66, pp 1431–1440.

[28]Reddy MS, Basha S, Sravan Kumar VG, Joshi
HV,  Ramachandraiah  G,  “Distribution,
enrichment and accumulation of heavy metals in
coastal  sediments  of  Alang–Sosiya  ship
scrapping yard, India,  Mar. Pollut. Bull., 2004,
48, pp 1055–1059.

[29]Morillo  J,  Usero  J,  Gracia  I,  “Heavy  metal
distribution  in  marine  sediments  from  the

southwest coast of Spain”, Chemosphere, 2004,
55, pp 431-442.

[30]Usero  J,  Gamero  M,  Morillo  J,  Garcia  I,
“Comparative  study  of  three  sequential
extraction  procedures  for  metals  in  marine
sediments”, Environ. Int., 1998, 24, pp 487-496.

[31]Lopez-Sanchez JF, Rubio R, Samitier C, Rauret
G,  “Trace  metal  partitioning  in  marine
sediments and sludges deposited off the coast of
Barcelona  (Spain)”,  Water  Res.,  1996,  30,  pp
153-159.

[32]Caplat C,  Texier  H,  Barillier  D,  Lelievre  C,
“Heavy  metals  mobility  in  harbour
contaminated  sediments:  The case  of  Port-en-
Bessin”,  Mar. Pollut. Bull., 2005, 50, pp 504-
511.

[33]Leleyter  L,  Rousseau  C,  Gil  O,  Baraud  F,
“Répartition  des  métaux  lourds  dans  les
différentes  fractions  des  sédiments  marins  :
influence  de  la  protection  cathodique”,   C  R
Geosci., 2007, 339, pp 31-39.

[34]Adamo P, Arienzo M, Imperato M, Naimo D,
Nardi  G,  Stanzione  D,  “Distribution  and
partition  of  heavy  metals  in  surface  and  sub-
surface  sediments  of  Naples  city  port”,
Chemosphere, 2005, 61, pp 800-809.

[35]Rousseau C.  Baraud  F,  Leleyter L,  Gil  O,
“Cathodic protection by zinc sacrificial anodes:
Impact  on  marine  sediment  metallic
contamination”, J. Hazard. Mat., 2009,  167, pp
953-958.

[36]Pempkowiak  J,  Sikora  A,  Biernacka  E,
“Specification  of  heavy  metals  in  marine
sediments, their bioaccumulation by mussels”,.
Chemosphere, 1999, 39, pp 313-321.


