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Abstract

Background, aim, and scope In this study, a suite of sublethal stress biomarkeere analysed in juveniles of the
sentinel species, the Pacific oys@rassostrea gigas, with a view to using them as pollution monitoritmpls. The aim
of this work was (1) to study baseline seasondhtians of biomarkers in different body compartngeofC. gigas in
the reference site and, after selecting biomargeesenting no seasonal variations, (2) to compaspanses of these
biomarkers between contaminated and reference sites

Materials and methods Juvenile oysters were transplanted from BouiarEe), a reference site, to three different sites
in Marennes-Oleron Bay (France), located in anotteter body and next to different contaminationreesa. Animals
were exposedn situ for 3 months in summer, autumn and winter. Thdofahg biomarkers were measured:
superoxide dismutase (SOD) and glutathione persgid@Px) in gills and digestive gland, and lysozyarel
phenoloxidase (PO) in plasma.

Results No significant seasonal variations for SOD ingyéind digestive gland, GPx in gills, and PO in plasvere
observed in the reference site. Significant diffileess in enzyme activity were observed between ountted and
reference sites for SOD in gills and digestive dleand PO in plasma, depending on the body compaltirthe season
and/or the site.

Conclusions In conclusion, these data suggest the potengipliGation of these biomarkers @. gigas to provide
ecologically relevant information and thereforebtoused as biomarkers in coastal pollution moinigor
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1 Background, aim and scope

Sessile and filter-feeder organisms inhabiting talagaters and estuaries, such as the Pacific Iogssssostrea gigas
(Thunberg 1753)are constantly in contact with various chemicaldurcts. Therefore, networks such as the National
Monitoring Network (RNO) in France use this orgamias a sentinel species to assess the presencodiugapts on
coasts and estuaries. However, massive summer litiestaf this ecologically and economically impamt organism,
and particularly of juvenile populations, have bmeoa widespread concern in the world in recentye@@heney et al.
2000; Garnier et al. 2007; Perdue et al. 1981).eiaes-Oleron Bay is the first production site @ 8pecies in France
(Soletchnik et al. 1999), but this area is alsojettbd to many recurring pollution by heavy metglssticides and
polycyclic aromatic hydrocarbons (PAHSs), broughimhaby the Charente River and to a less extertheySeudre and
the Gironde rivers (Miramand et al. 2003; Munar@®4£, Munaron et al. 2006). Nevertheless, envirortaiestress
from pollutants seems to be an important deterrgirfactor signalled by the occurrence of, or by itherease of
diseases (Lacoste et al. 2001).

To cope with this type of challenges, bivalve mstisl possess the two types of innate responsesiaceli.e.,
phagocytosis and encapsulation, and humoral, leetines, cytokines, heat shock proteins, nitrigdexsynthases,
proteases, antimicrobial peptides, phenoloxidaB&3) @nd hydrolytic enzymes such as lysozymes (Togph et al.
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2005). Moreover, during phagocytosis, reactive @xygpecies (ROS), such ag énd HO,, play an important role in
protection against pathogens. The content of RO$hénorganism is regulated by antioxidant enzymash sas
superoxide dismutase (SOD) and glutathione persgid&Px) (Neumann et al. 2001). These antioxidaayrae
activities may be modulated by the presence ofasnimants (Cavaletto et al. 2002; Cheung et al. 20@4dlecar et al.
2007). Other immune parameters such as lysozymeP@ndctivities may also be modulated by contammatiigh
concentrations of zinc (Zn) have shown to inhiggdzyme activity in the sea stavidrthasterias glacialis) mucus
(Stabili and Pagliara 2009). In addition to tha#i8ahours exposure of a soluble fraction of heaug} 6il has shown to
inhibit PO activity in plasma of. gigas (Bado-Nilles et al. 2008), and the presence ohtorfon has shown to inhibit
PO activity in the giant freshwater prawdgcrobrachium rosenbergii, Chang et al. 2006). Biomarkers are defined as
measurements on body fluids, cells, tissues, owbnle animals that indicate the presence of comtanis in
biochemical, cellular, physiological, behaviouralemergetic terms (Bodin et al. 2004; Livingstoi®2; Magni et al.
2006; Ross et al. 2002). Therefore, these immunanpeters may be used as effect biomarkers, i.eletiect sensitive
signals for deleterious effects of environmentattamination (Bernier et al. 1995; Luster et al. 99&ome effect
biomarkers, such as antioxidant enzymes, may asosbd agxposure biomarkers, i.e., to detect if the orgartias
been exposed to pollutants (Winston and Di GiuB81). An increasing use of both types of biomarkexs appeared
in recent years in programs such as the North sk Force Monitoring Master Plan and the NOAA'sibiaal Status
and Trends Program (Cajaraville et al. 2000).

Laboratory studies may help to identify biomarkefsnterest. However, a lack of validation may acathen using
these biomarkers in the field with organisms fraantaminated and reference sites,,ergmune parameters may vary
depending on the season (Auffret and Oubella 1994er and Fisher 1995nd/or biomarker responses may vary
depending on the body compartment of the organisan is analyzed (Amiard et al. 2006; Geffard et24l01).
Therefore, it is important to know baseline seabwadations of biomarkers, especially when they ased to monitor
the presence and/or effect of contaminants duiingtu studies. The aims of the present study were (13skess
baseline seasonal variations of different biomarkier different body compartments &f gigas collected from a
reference site andifter selecting biomarkers presenting no seasoadations, (2) to compare responses of these
biomarkers between contaminated and reference 3itethis end, juvenile Pacific oysteCs gigas were transplanted
from Bouin (France), a reference siteated far from pollution sources, to three difar sites in Marennes-Oleron
Bay, located in another water body and next tced#ffit contamination sources, for 3 months in sumaugumn and
winter. Juveniles were chosen among other developahestages since they have shown to be more sensd
summer mortality events (Perdue et al 1981). Bidwraanalyses were carried out by measuring SODGHxd levels
in gills and digestive gland and lysozyme and P@Ikin plasma.

2 Materials and methods
2.1 Study area and transplant design

Juvenile Pacific oysterS. gigas (3-4 cm in height) were purchased from the oystéchery France Naissain, located at
Bouin in Vendée, France (46° 58’ 28" North, 2° @2" West), considered as a reference site (FigGkdfard et al.
2002). All animals were issued from the same colioribrder to reduce genotype variability. Juvenilesre
transplanted from Bouin to three “contaminatedésithat were far from the reference site, in theeviaes-Oleron
Bay, C1, C2 and C3, i.e., C1: Mus du Loup (45° 26" North, 1° 08’ 30" West), mildly influenced byé¢ Seudre
River; C2: Boyard (45° 58’ 0" North, 1° 15’ 0” Wesmildly influenced by the Gironde and the Chagerivers; C3:
Les Palles (45° 58’ 0" North, 1° 08’ 0"), highly flnenced by the Charente River (Fig. 1b). Three tmerafter
transplantation, nine oysters from each site weteated and were processed immediately after theival in the
laboratory. Experiments were carried out in sumraetuumn and winter 2008.

2.2 Sample procedure

Pooled gills, digestive glands and plasma of tlmesters were used for each replicate sample, ard tieplicates were
prepared per season and per site. After openingykter shells by cutting off the adductor museeguantity of
haemolymph (~ 0.3-0.5 mL for the three oysters) wiabkdrawn and centrifuged (260xg, 10 min, 4°Ckséparate the
cellular fraction from the plasma. Gills and digestgland were removed from oysters. For a podhoée oysters,
about 0.7 + 0.1 g of gills and 4.2 + 1.2 g of dif)esgland were homogenized at 4°C in 0.1 M Trisl H@ffer pH 7.0
(0.45 M NaCl, 26 mM MgGl 10 mM CaCJ; 0.5 ml of buffer g of fresh weight for the gills and 1 mi*gf fresh
weight for the digestive gland), using an Ultra fexr (T25 basic, IKA-WERKE) and a Thomas-Potter hgeizer
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(IKA-Labortechnik RW 20.n, size 0.13-0.18 mm, BBjie homogenate was centrifuged at 10,000xg for ihCatr4°C.
The resulting supernatant was collected for enzignsatdies.

2.3 Biochemical analysis

Superoxide dismutase assay * SOD was determined by an indirect method (Themtnal. 1996), based on competition
of SOD with iodonitrotetrazolium (INT) for dismutah of superoxide anion (Q. In the presence of OINT is
reduced into a red formazan dye that can be meahsurB05 nm at 25°C (kit Ransod SD 125, Randoxpégn One
unit of SOD is defined as the amount of enzyme phainotes a 50% decrease in the rate of INT reolcti

Glutathione peroxidase assay « GPx activity was determined according to the méthf Paglia and Valentine (1967).
In the presence of glutathione reductase and substr(i.e., reduced glutathione and cumene hydoajok), the
decrease of absorbance at 340 nm is proportiontiedaeduction of the oxidised glutathione by NADRH#H+ (Kit
Ransel RS 504, Randox, France). One unit of GPdises 1 pmol of NADPHe{appy = 6.22 mM* cmi?) per minute.
Lysozyme assay * Lysozyme assay was done in triplicate for eachpda and compared against hen egg white lysozyme
standards (0.4-40 pug M| in the presence dflicrococcus lysodeikticus (Sigma-Aldrich, France). One unit of lysozyme
corresponds to the amount of enzyme that diministis®rbance at 450 nm of 0.001 per minute at pHat.@5°C
(Soudant et al. 2004).

Phenoloxidase assay * PO levels in plasma have been reported to beehigtan PO levelsr haemocytes of. gigas
(Hellio et al. 2007). Therefore, PO assay was nreglsin plasma and was carried out in triplicatedach sample in
the presence of 100 mM dopamine and 0.1 M Tris bi@er, pH 7.0 (0.45 M NaCl, 26 mM Mg£110 mM Cady;
Sigma-Aldrich, France). PO activity was followed byonitoring the increase of absorbance at 490 nm4fdn.
Nonenzymatic oxidation by the substrate was folldvie wells without plasma and subtracted to oxmtatof the
substrate with plasma. One unit of PO specificvitgticorresponds to the amount of enzyme that ga¢sl the
production of 1 pmole of dopachrom®gdpachrome= 3,300 M cm'l) per minute (Pomerantz 1963, Fenoll et al. 2002).
Protein assay * All activities were expressed in relation to giot concentration measured according to the Lowry
method with slight modifications, by using bicinctimic acid and copper sulphate 4% (Smith et al.5}9&erum
albumin was used as standard (Sigma-Aldrich, Flance

Satigtical analysis ¢ All results were expressed as mean + standarititav (SD). Statistical analysis was carried out
with SYSTAT 11.0 software. Differences among seasamre checked for the reference site. For the ssaeon,
biomarkers responses were compared between comtteuirand reference sites. Data were tested for alorm
distribution (Shapiro test) and homogeneity of aaces (Bartlett test). Studentsest was performed to analyze
results. Kruskal-Wallis nonparametric test, follawvby Dunn’s post hoc test, was performed when datee not
normally distributed or when they exhibited hetemogous variances (Zar, 1984). Statistical signifieawas defined as
being at the level gi<0.05 orp<0.01.

3 Results
3.1 Seasonal variations of biomarkers in the refezesite

The results of SOD and GPx levels in gills andigedtive gland measured in oysters collected frioenréference site
in summer, autumn, and winter are summarized in EigThere were no statistically relevant seasaliff¢rences
(p>0.05) in SOD levels in gills (Fig. 2a) and in digige gland (Fig. 2b). However, GPx baseline sealseariations
differed between gills and digestive gland: whike significant differencespé0.05) were observed in GPx levels in
gills in summer, autumn and winter (24.83+7.445864.38 and 16.03+8.90 U GPx thgrotein, respectively; Fig.
2¢), significant difference$€0.01) were observed in the digestive gland (Fit). thdeed, GPx levels in the digestive
gland in summer were about twofold lower than GEwels in autumn and winter (38.29+8.68, 64.55+11ahf
77.51+5.37 U GPx myprotein, respectively; Fig. 2d).

Studies on lysozyme levels were carried out inrpasfC. gigas. Significant differences in plasmatic lysozymedksv
(p<0.01) were observed in oysters collected at theetidifferent seasons (Fig. 3a). Lowest lysozynwelsewere
observed in winter, when compared to summer andnaut(42.90+4.07, 51.94 + 3.27 and 64.44 + 3.93 ¢btyme
mg™ protein, respectively). No statistically relevas#asonal difference$x0.05) were observed in plasmatic PO
levels, i.e.,in summer, autumn and winter (53.90+9.77, 51.812@&8d 52.45+7.99 U PO mgrotein, respectively;
Fig. 3b). Therefore, since no significant seasdlifférences were observed in SOD in gills and digeggland, GPx in
gills, and PO in plasma, these biomarkers weretmleor further studies.
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3.2 Biomarker responses in contaminated sites

The results of SOD levels in gills and in digestijlfand, GPx levels in gills and PO levels in plasroliected from the
three contaminated sites, i.e., C1 (Mus du Loug@,(Boyard), and C3 (Les Palles) and from the refegesite, R
(Bouin), are summarized in Fig. 4. In the presarhgarison, responses of biomarkers in C3 were medsunly in
summer and winter.

There were statistically significant differencesS@®D levels in gills for the three contaminate@si€1, C2 and C3 in
summer (Fig. 4a). Indeed, SOD levels in gills wienger in contaminated sites as compared to theagebée site. In
autumn, no significant differences were observedwinter, SOD contents in gills were lower only @2 when
compared to the reference site.

In the digestive gland, statistically significaritfekences in SOD levels were observed dependintherseason and/or
the site (Fig. 4b). Indeed, while higher SOD cotgemere observed in C1 and C3 in summer, no sagifidifferences
were observed in autumn for C1 and C2. In wintéghér contents of SOD were observed in C1 and @&,lewer
contents were observed in C3.

The results of GPx levels in gills in contaminai@ad reference sites are summarized in Fig. 4c. iNoifcant
differences were observed in summer for C1, C2,i€3utumn for C1, and in winter for C3. Low GPxéés were
measured in autumn in C2 and winter in C3, and g levels were measured in winter in C1.

Results on plasmatic PO levels revealed signiflgdotver levels in summer in C1, C2 and C3 and utuann in C1
and C2, but higher levels in winter in C1 and CBew compared to the reference site (Fig. 4d).

4 Discussion

Specific biomarkers are often used for studiesbofatory-controlled conditions (e.g., Boutet e28l02, Guilhermino
et al. 1996). However, in the field, environmemtahditions may modulate responses of biomarkerggiviega et al.
1989; Monserrat et al. 2007; Neumann and Peter ;198pcic et al. 1998)Moreover, compensatory adaptive
mechanisms between different biomarkers may ocsuwvell (Regoli and Principato 1995) and biomarlesponses
may differ depending on the body compartment ofdhganism that is analyzed (Amiard et al. 2006;f&dfet al.
2001). In the green-lipped mussBkrna viridis, seasonal SOD variations observed in gills an@stige gland were
likely to be due, in part, to variations of tempgare in the water column (Verlecar et al. 2008)tHe case of the
present study, no seasonal variations were obserw&DD in gills and digestive gland in the referersite. This
suggests that antioxidant modulations differ betwspecies and that is necessary to study baseliresl on the
organism of interest before comparing biomarkepoeses between contaminated and reference sites.

In the present study, significant seasonal diffeesnwere observed in GPx levels in digestive gianthe reference
site, with lower levels observed in summer. Thesults were in agreement with other studies thagaled similar
seasonal variations of GPx i viridis from Arabian Sea (Verlecar et al. 2008). Wintermiperiod where oxidative
stress is known to be high in bivalves (Manduzi@ale2004). Therefore, high GPx activities in thgedtive gland in
autumn and winter may be a consequence of highatix&l stress. It is important to notice that nosseal variations
were observed in GPx levels in gills, making stadin pollution monitoring more interesting in thi®dy
compartment. Moreover, these results are in agreewi¢h Manduzio et al. (2004) who suggested thairionitoring
studies dealing with oxidative stress in the bluessel,Mytilus edulis, should preferentially be carried out in the gills
rather than in the digestive gland.

In the present study, significant seasonal diffeesnwere observed in plasmatic lysozyme activigsuRs revealed
lower levels in winter and summer. Low lysozymeelisvin summer were in agreement with results iriotholluscan
and nonmolluscan species (Chu et al. 1995; Hutohimsid Manning 1996). However, in the present stlaly levels
were also observed in winter. Even if generally lgaozyme levels are associated to the reproductiete of oysters
in summer, low levels have also been found in EaedysterOstrea edulis in winter (Cronin et al. 2001). This suggests
that low lysozyme levels are not necessarily assedito the reproductive cycle of oysters, whichtstat the end of
spring (Fabioux et al. 2005). No significant seadatifferences were observed in PO levels in plasd@avever,
seasonal variations of PO activities have beenrtegdn different species (Ferrer et al. 1989; ldauet al. 1997;
Travers et al. 2008). These seasonal variations haen attributed to bacterial population contantbe water column
or to the reproductive state of the organigrarrer et al. (1989) observed seasonal variationBQ@ activity after
treating with trypsin but not in endogenously aetRO in the spiny lobsté&tanulirus argus. Therefore, results of the
present study are in agreement with Ferrer etl8BY) since, in the present study, only endogeyaacive PO levels
were measured. No significant seasonal variatiosi® wbserved in SOD in gills and digestive glanBx@ gills, and
PO in plasma in the reference site. Interestintjigse results suggest that differences in watepaesmture (18.39+1.73
in summer, 15.33+2.89 in autumn and 8.83+2.18 intavi;Table 1), in age (12 months in summer, 15 th®in
autumn, 18 months in winter) and in condition ing8%.85+5.43 in summer, 23.90+1.42 in autumn and3#71.42 in
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winter; Table 1) between seasons do not modulaporeses of these biomarkers. Consequently, SODIlgnamd
digestive gland, GPx in gills, and PO in plasmaenmeasured in oysters transplanted to differentacoimated sites in
Marennes-Oleron Bay.

Comparisons of biomarker responses between referand contaminated sites revealed that (1) SODslenegills
were generally lower, (250D levels in digestive gland were generally high@) GPx levels in gills were not
modulated in summer but were lower in autumn in coetaminated site and lower or higher in summeedding on
the contaminated site, and (4) PO levels were gélgdower in summer and autumn and higher in winBifferences
in pollutant contents between contaminated andreafe sites could explain differences observed iombrker
responses, e.g., in the case of GPx in gills or $0Me digestive gland, as it has been shown bgragtudies carried
out in different contaminated sites (Bodin et &02; Valdez Domingos et al. 2007). Marennes-Olday is an area
subjected to many recurring pollution, brought rhalby the Charente River (i.e., contaminated si8 &nd to a less
extent by the Gironde (i.e., C2) and the Seudrersi\(i.e., C1). The recrudescence use of herbididegriculture
implies the transfer towards the aquatic environnoémew pollutants in estuarine areas (Munarond2@@unaron et
al. 2006). In 2001, the Charente river dischargegraximately 1,360 kg of herbicides and, in 200wt 510 kg
(Munaron 2004). For most herbicides that were stlidsummer (July, August and September) corresgbtw¢he
period when quantities of herbicides provided by @harente river were the lowest, i.e., betweerad® 30 kg of
herbicides per month and the peak concentratioosroed especially at times when treatments werdieappithin the
watershed, e.g., in May 2001, 400 kg of herbicidese carried down to the estuary in 1 month. Peaicentrations
from 0.1 to 1 ug ! have been reported for herbicides such as atraioproturon, diuron, and glyphosate in the
Marennes-Oleron Bay (Burgeot et al. 2007). Morepugdustrial releases bring many heavy metals @se¢hsame
estuarine areas (Miramand et al. 2003). Indeede&sing levels of heavy metals [silver (Ag), cadmiCd),
chromium (Cr), copper (Cu), nickel (Ni), vanadium)(and zinc (Zn)], have been reported in Maren@és-on Bay
(Miramand et al. 2003)Similarly, these authors reported high PAHs comténtsediments and organisms from the
Marennes-Oleron Bay. Some pollutant contents haes lbeported in sites chosen for the present shidi: Cd, Hg,
dichlorodiphenyltricholoroethane (DDT) and metatsdj lindane and fluoranthene contents have betectdd in C1,
high Cd, Hg and lindane contents have been detéct€, and high Ag, Cd, Hg, Zn, contents have bdetected in
C3 (Table 1). These pollutants are, therefore\like strongly influence the biomarkers levels iyster tissues and
fluids.

Among all biomarkers assessed in the referenceaitg SOD levels in gills and digestive gland, GBxels in gills
and PO levels in plasma displayed low variationsvben seasons. Interestingly, some of these bicmanvere
modulated depending on the season and this, fothtiee contaminated sites. Therefore, modulationbiomarker
responses could be due to @biotic or biotic factors in this area such as terafure, salinity, pH or food supply
(Khessiba et al. 2005; Kirchin et al. 1992; Limaatt 2007; Prevodnik et al. 2007; Verlecar et d&02), (2)
modulations of contaminant contents through sea@diy®gi et al. 2001), and/d3) an additive effect of temperature
variations and contaminant contents in these adedeed, Ringwood et al. (2002) reported a cori@labetween
lysosomal destabilization in deployed oyst€hsassostrea virginica and tissue metal concentrations. The authors
suggested that adverse effects observed in wintdd de due to seasonal differences in physico-adafactors, such
as reduced levels of acid volatile sulfides, whitduld increase the bioavailability of metals duriwter. In the
present study, differences in condition index walserved depending on the season and the site. iEddéferences
observed in the reference site suggest that thianpeter do not induce modulations of the biomarkbes were
selected for the present study, differences of itimmdindex were observed between the referencelamdontaminated
sites. Indeed, when comparing condition index betweference and contaminated sites, this parametehigher in
summer in the three contaminated sites, higheowel in autumn depending on the site, and higheviimier in one
contaminated site (Table 1). These differences Ineague to differences in food supply or environrakstressors such
as changes in temperature. However, temperatuseddanot reveal differences between sites and aplgfl a content
in the water column is not always correlated witndition index of oysters (Table 1). Hence, diffezes in condition
index may be due to differences in food compositmiween sites. However, while results suggest gatie
correlation between condition index and GPx levelgills and PO levels in plasma, no correlatioroiserved in
autumn and winter. Moreover, the presence of paitst may also induce differences in condition indexnnig et al.
(2006) reportedho significant change in condition, survival raad lipid peroxidatiomn oystersC. virginica, exposed
to elevated temperature. However, in oysters expdseboth temperature and Cd stresses, high mtyrtdbw
condition index, and elevated lipid peroxidationrev@bserved, implying a synergism between eleviatgperatures
and Cd stress on their energy metabolism. In theeMees-Oleron area, the period when herbicidesayed on the
crops, combined to rainfall events, coincides wiita oyster-breeding season, and these events kavesbiggested to
influence summer oyster mortalities (Munaron 20@dnaron et al. 2006). Therefore, more special &tiarshould be
carried out between condition index, food compositpollutant contents, and response of biomarkers.

In conclusion, response biomarkers were modulaggebnding on (1)he oyster body compartment, (&)e season, and
(3) the site. Therefore, results of this work suggdgkeat SOD in gills and digestive gland, GPx ilsgiand PO levels in
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plasma could be biomarkers of interest to assessntpact of pollutants on health status in juveniéd C. gigas.

Further similar studies should be done on thesmaikers in other contaminated sites (e.g., Valdemingos et al.
2007). Moreover, similar studies should be carmed with other biomarkers in this sentinel spediesorder to
establish baseline levels of different biomarkdrmterest for coastal pollution monitoring studies
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Fig. 2 Seasonal variations on SOB &ndb; in units of SOD per minute per milligram of primieand GPx ¢ andd; in units of GPx per
minute per milligram of protein) in gills and digie® gland ofC. gigas collected from the reference site (Bouibgtters indicate significant
differences between seasops@.01). Data are expressed as mean + SD
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Fig. 4 SOD in gills and digestive gland, GPx in gills, aR® in plasma irC. gigas collected from contaminated and reference skes.
reference site (Bouin, white bar§€)] contaminated site 1 (Mus du Loup, light grey ba®® contaminated site 2 (Boyard, dark grey bars),
C3 contaminated site 3 (Les Palles, black bars). Baaxpressed as mean + Spx0.05; ** p<0.01
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Table 1 Pollutant contents in oysters and physicochenaindlbiological parameters of the reference (BadRjrand contaminated sites (Mus du Loup, C1; Boy@@,Les Palles, C3) in summer (S), autumn

(A), and winter (W) 2008

National

C1 Cc2 C3
median | S A W S A W S A W S A W
Pollutant contents
Metals (mg.kd)
Ag 7.69 19.50 12.30 16.20 29.90
Cd 161 1.75 3.73 2.75 3.82
Cr 0.84 1.07 1.23 1.04 1.29
Cu 206 385 262 281 500
Hg 0.20 0.19 0.32 0.32 0.36
Ni 1.01 1.30 1.28 1.22 1.22
Pb 1.30 1.30 1.60 1.45 1.55
\Y 1.32 1.32 1.75 1.33 1.72
Zn 2265 2360 2435 2680 4020
Pesticides (ug.Ky
DDT, metabolites 5.22 5.76 8.31 4.28 5.03
Lindane 0.74 0.39 0.90 0.79 0.46
PAHSs (ug.kd)
Fluoranthene 27.0 20.2 33.7 27.8 235
Physicochemical parameters
Temperature (°E:) n.a. 18.39 + 1533+ 883+ 1993+ 1559+ 976+ 19.26 1558+ 936+ 20.13 + 16.35 8.01+
1.73 2.89 2.18 2.09 3.12 2.64 1.96 3.48 1.97 1.98 3.49 1.56
Temperature (°€C) n.a. n.a. n.a. n.a. 19.40 18.90 8.20 20.08 19.20 7.85 20.50 18.65 7.10
Biological parameters
Chlorophyll a (mg.i)® | n.a. 1.62+191 104+ 111+ | na. n.a. n.a. n.a. n.a. n.a. 535+ 239+ 0.80 =
0.91 0.90 3.28 141 0.37
Chlorophyll a (mg.i)° | n.a. n.a. n.a. n.a. 2.58 1.65 0.62 2.83 343 1.045 2.35 1.72 1.12
Condition indek n.a. 3185+ 2390+ 17.15+ | 55.19+ 30.74+ 17.52% 40.17 19.22+ 16.73 % 42.93 £ n.a. 19.71 +
5.43 1.42 142 1.63 3.27 0.94 1.49 1.93 242 3.02 1.94

n.a. not available

@ Mean values adapted from 2003 to 2007 data of #iesite “Site Ifremer consacré a I'environnememoiél”: http://www.ifremer.fr/envlit/

P Mean values + SD adapted from 2000 to 2004 datiaeoivebsite “Site Ifremer consacré a I'environnetigtoral”: http://www.ifremer.fr/envlit/

“Mean values of 2008, collected by the French nétRazlec (Ifremerhttp://www.ifremer.fr/lerpc/reseaux/hydro/resul_nydhtm). Values correspond to the mean of July, SeptembeDecember of 2008
of two measurements carried out per month at tfteimcand at the top of the water surface from Qi sites near C2 and C3.

9 Condition index from juvenile oysters was calcethby the method of Lobel and Wright (1982), angregsed in mg dry flesh weight/g dry shell weight
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