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Coas!al Environmen! Division (DEL) (The di vision in which my final projec! is involved) 

This division contributes to the knowlcdge of coastal ecosystems. Through developing methods and concepts 
usable by ail those involved in environ mental affairs, il supervises and manages networks ta observe and monitor 
the coastal sea, undcI1aking rcscarch on the fale of watcr masses and on various biological and chemical 
processes. 

This Division Îs made up of: 

? 12 coastallaboratories 
» 3 theme-based research departmcnts 

• Coastal Ecology (DEUEC) 
• Microbiology & Phycotoxins (DELIMP) 
• Chemical Pollutants (DEL/PC) 

» 1 studies and regional valuations unit (DEL/CR) 
» 1 operational applications service (DEL/AO) 
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. . . 
111 . SUMMARY 

The departmcnt of Charentes-Maritime has a mari time facade of 440 Km and a surface a rea of 6,383 Km2
. The 

type of soi! and the large maritime fa cade has allowed the dcvelopment of two different activities: agriculture 
and shellfish farming. This shellfish farming takes place for a large part in the Marennes-Oléron basin. It 
re groups the production of oysters (50,000 tons pcr year) and the production of mussels. The shellfish farming 
creates 5,000 direct j obs. The agriculture, for its part, is divided into two main activit ics: catt le farming and plant 
production, such as the culture of cereals, oleaginous, wine and other vegetables. The intensive culture induces 
the farmers to use a lot of pesticides, su ch as insecticides and herbicides in order to comply with the rcquired 
efficiency. Nevertheless, the culture on marhlands gives sorne constraints and draining is necessary. Thus the 
products spread by the farmers will parti y flow away in the effluent downstream. 
Th us in the department of Charentes-Maritime, four slope beds have been defined: The Charente, the Seudre, the 
short coastal rivers and the coastal municipality effluents. Ali of those feed the Marennes-Oléron basin with 
freshwater. ln 1997,2,700 tons of pesticides were used by agriculture and other activities in those slope beds; the 
main period of spreading occurs during the spring ti me. 
Regarding to their chemical and physical parameters, pesticides will be more or less able to be diffuse in the 
environment and become bio-available. Eight pesticides considered to be the most frequent! y met in the 
environment have been studied: (Alachore, Atrazine, Carbaryl, Diuron, Glyphoste, Fosetyl-Al, Metolachlore and 
Terbuthylazine). The pesticides could be adsorbed on suspended matter or on sediment, leached in the soi! and 
found back in the aquifer, evaporated or transported by volatilisation. Few models of the quantification and the 
dispersion of pesticides in the environ ment allow to assess the impact of it. In 2001 , the concentrations analysed 
in the ri vers of Seudre and Charente do not exceed one miligram of pesticides per litre. Until the pesticides are 
carried to the river estuary, they will undergo a series of transformations that affect their toxicity to the marine 
organisms and then they will be adsorbed on the sediment of the Marennes-Oléron basin. 
Since the end ofthe nineties, the oyster farmers have encountered problems ofmortality and especially in the 
Marennes-Oléron basin during the summer. A challenge « Défi MO REST » has been designed to gather 
laboratories ofresearch on different themes around the oyster. It will try to find the reasons of those mortalities. 
An experimental study site « Dynamor » situated in the south of the Marennes-Oléron basin is the deviee for 
monitoring the oyster behaviour along the year and moreover during the mortalities. The laboratory of 
ecotoxicology of DEUPC Ifremer Brest, has focused on the role of the sediment and the pesticides on the oyster 
mortality, using a bivalve bioassay on Crassostrea gigas. 
The spatiotemporal study of the sediment from the Marennes-Oléron basin shows th at the potential toxicity of 
the sediment increase at the end of May (more than 50% of abnormal D larvae whereas it was 25 % in the 
middle of May). Furthermore, the experimental study site « Dynamor » is potentially more toxic regarding the 
sediment than the site Agnas situated in the middle of the basin. 
Oysters have then been taken out from the « Dynamor » site to assess their capacity to produce normal D larvae 
and their sensirivity to CuS04. Thanks to those oysters, two environmental sites and two livestock have been 
studied. The proximity of the oyster to the sediment influences the sensitivity of its larvae to CuS04: EC50-24h = 
2.62 )lg CuSOJ L at 15 cm whereas EC50•24h = 14.4 )lg CuS04 /L at 70 cm. Moreover, oysters at 70 cm above the 
sediment produce more normal D larvae than the ones at 15 cm (73 %versus 57 %). Furthermore, it has to be 
noticed that oysters genetically selcctcd to be resistant arc !css sens itive that the ones from the natural spat. 
The study of the effect of pesticides on the embryonic development has shown that three of the eight pesticides 
studied indu ce a significant response of toxicity (from 12 to 32% of abnormal D larvae for 1 )lg of pesticides per 
litre) : respectively for Carbaryl, Metolachlore and Fosetyl-Al. But the effect of the mixing of the eight 
substances leads to 35 % of abnormal D larvae at concentrations met in the environ ment. : This results indicates 
that it exists a synergy effect of the pesticides between themselves. 
The massive spreading of pesticides during the spring could be put into re lation with the sudden increase of the 
potential toxicity of the sediment. Moreover, pesticides are hazard for the oysters, and its potential adsorption on 
sediments induces different effects re garding to the proximity of the oysters to it. A hypothesis could be 
advanced: the energy spent to face pesticides stress during the ripeness may reduce the sum of energy allocated 
for the growth, the feeding and the pathogens protection. This could induce its death. 
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1 INTRODUCTION 

Since the 40's, a phenomenon of oyster's mortality (Crassos/rea gigas) has becn observed at an intemational 
scale, but it takes now such an extent that the oyster farming sector of activity eould be financially damaged. 
Besides, the risk of a global downgrading of the production h.s to be taken inlO .ccount if the origi n of the 
mortality is not resolved in time (example of the portugueshe oyster). 
Ifremer h.s esti m.ted this problem as one of the most critical in the aquaculture, that is why it designed the 
challenge MOREST (Summer mortality of oysters Crassos/rea gigas). This program started in 200 1 for a 4 years 
period, associating professionals, regional structures -and 8 laboratories of research. The objective is to gather 
information from complementary competencies and knowledge in order to find reason why motalities occur. 
One of the causes of mortali ty which could be the potentiallOxicity of the sediment and the potenti.1 toxicity of 
pesticides discharged by rivers on oysters' fanning areas, th.t is why the labor.tory DEUPC of ecotoxicology is 
involved in the project since 2002. 
Ecotoxicology is the branch of ecology that combines ecology and toxicology. It deals with fate and transport of 
pollutants "with the study of taxie effects, caused by natural or synthetic pollutants, to the constituents of 
ecosystems, animais (including human), vegetable, and microbial, in an integral context" (Truhaut, 1977). 
One of the orientation of the laboratory is the evaluat ion of the quality and the potential toxicity of middles 
thanks to bioassays such as the bivalve embryonic development (Quiniou e/ al, 1999 and His e/ al, 1999). This 
test cou Id be applied for substances in liquid mixing, few effluents and also with sediments. In the case of the 
challenge "Defi MOREST", the bivalve test is used so as to evaluate the potential toxicity of sediment under 
growing tables of oysters. Furthermorc, this bioassay allows to determine the evolution of this potential toxicity 
along the year, the water qua lit y and the toxicity threshold of the main pesticides found in the oysters ' 
concession found in Marennes-Oléron, study area in which the subject of the training period is involved. 
ln fact, in the aquatic middle, a large part of the xenobiotics are absorbed on suspended partieles, and then 
accumulated at the level of the sediment. That is why the sedimentary deposit, at the link of the continent and the 
ocean, constltutes a real source of contamination. These coatline areas, which are habitats for a lot of species as 
the oysters, have to be protected in that respect (Géffard, 2001). 
Along the reading of the report, a presentation of the project will be done in the chapter IWO, explaining how the 
challenge was designed and how the training period subject is linked to the overall project. The chapter three 
gives an overview on a potential source of pollution for the oysters and their habitat, the pesticides used in the 
department of Charente-Maritime. This chapter makes a non-exhaustive study of it , going from the first 
application by [armers ta its transfer to the estuaries. The study of ils behaviour in the environment will be 
achieved, the concentrations analysed in rivers of the department and sorne advice for the evaluation of ilS 
impact ta the fauna. The chapter four is divided inta t\Vo main parts, a teehnieal part that discusses the materials 
and methods used to pcrforrn the bioassays and the results and conclusions. 
Thus through out the perforrnation of the bioassay on the the embryonic development of oysters, different axis of 
research will be assess: 

~ the evolution of the potential toxicity ofthe sediment sampled under growing tables. 
~ the potential toxicity of eight chosen pesticides tested alone and in mixed sol ution. 
~ the impact of the sediment proximity on the gamete quality of oysters growing in the Marennes­

Oléron basin shellfish farming. 
The last chapter of the study will end with conclusions and reconuncndations concerning the problem of 
mortality in the basin of Marennes-Oléron. 
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2 PRESENTATION AND STUDY GOALS 

2.1 Problematic : nature of the subject 

With a surface of 6,893 Km2
, the department of Charente Maritime has a maritime facade of 440 Km that 

include the islands of Oléron, Aix, Ré and Madame. It represents 6 % of the French coast (IFEN, 1997). The 
particularity cornes from the fact th at Il % of the department superficy are swamps, ideal for the agriculture. lt is 
thus understandable that the two activities could have sorne difficulties to develop together without any problem. 

2.1.1 The oysters' production in Charente-Maritime 

The shellfish-farming is the main activity in Charente Maritime, the first production region in France. The 
production represents around the third part of the national oyster farming and a quarter of the national musset 
farming. 

Fioure 1 :schéma du marais D. 1\llasson) 

Figure 1: Representation of the different activities by geographie situation on the Charente-Maritime coastline. 
(Ifremer student report: Grand'mourcel, 2000) 

Table I: Superficy of the inside seas 

Pertuis Breton Pertuis d'Antioche Basin of Marennes-Oléron 
36,000 35,000 26,000 

The locality where the study effect is achieved is the Bassin de Marennes-Oléron. Two-thirds of the oyster 
farming production in Charente-Maritime is practiced there. 

The spawn picking up of oysters is one of the main activities (around 50 % of the french spawning). The oysters 
are cultivated in tables at 15 or 70 cm up from the sediment. Sometimes it can develop naturally on rocks and 
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constitutes in that case to a natural oyster deposit. On the bank of the river Seudre the biggest centers for oysters' 
maturing and expedition can be fotmd. The "affinage" is a speciality of the region, that is why other production 
region send their oysters to Marennes- Oléron for the maturation. Tt is practiced on old salt marshes: les claires. 
A leve! of 50 cm of sea-water is maintained for the development of a blue algae Haslea osteraria. This algae is 
consumed by the oysters and give to it a green colour, enjoyed by the consumers. 

The annual production of Marennes-Oleron is 30,000 tons of oysters (26 % of the french production) for a 
selling of 50,000 tons on the market (45 % of the french production). The production of wild oysters from 
natural deposit is estimated to 15,000 tons. The oyster farming represents 4 ,500 direct jobs. 

The priee of the oysters production per kilo has increased a bit, it is estimated at 2 euros and has been maintained 
for the expedition at 3 euros. This thanks to the quality of the product and a good publicity at a regional and a 
national scale. 

2.1.2 The agriculture in Charente-Maritime 

The proximity between the agriculture and the sea seems to be paradoxal. Actually, for economical reason, P AC: 
Cornmon Agricultural Politic, and the decrease of the meat priee, the number of sweet swamp has increased in 
order to introduce the production of cereals on that land. In fact si nee 10 years the proportion of cereals 
production 1 cattle farming has increased up to 80/20. 

Soils of salt marshes have many properties, a fi rst slim layer of organic matter. The soi! contains 40 to 50 % of 
clay, a lot of salt and a proportion of limestone with a pH between 7 and 9. The fo llowing table shows the 
proportion of each field of agriculture regrouped in two main categories, the p lant and the animal production. 

Table II: Value ofthe agriculture production per field ofactivity- 1998 in percentage. 

Production 1998 
Cereals 25 
Oleaginous 35 
Wine 7 
Other vegetables 13 
Total of plant production 80 
Cattle 6 
Milk 9 
Other meat 5 
Total of animal production 20 

As it can be seen, a large part of the plant production concerns cereals and o leaginous, kind of agriculture that 
need a lot of active substances so as to increase its production efficiency by ki lling undesirable target plants and 
insects and to protect against hillness. 

2.1 .3 The problem of farmers 

T he wet areas in Charente Maritime represents 100,000 ha divided into, wet swamps, salt marshes (for the 
aquaculture) and the dry sweet swamps (for the agriculture) 

Due to their features, soils have to be worked out in order to have the best quality and a few techniques are 
employed: 

> Draining: it lowers the water leve!. This process is the cause of the agricultural effluent. 
Maintaining the water leve! in the dit ch for the stabil ity of the bank. 
Removing of the salinity: Than.ks to ion exchange with gypsum, the salt marshes become a mix of 
limestone and clay, better th an a mi x of limestone and sodium. 

Depending on the season and the culture, the farmers use chemical products. In fact the intensive culture obliges 
them to spread a lot of pesticides including: herbicides, fongicides, insecticides and sometimes moluscicides. 
Which products arrive in the marine environment la ter on. 
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2.104 The problem of oysters producer 

The "clai res", the place where the Haffinage*" of oysters Îs do ne, is designed to hald back the watef in arder ta 

remove the salt. ln faet in summer, the watef evaporarcs and the "claire" gets a bigger sal inity. The incoming of 
Fresh walef from the river is necessary and allows to maintain a buffered salinity. However, dwing the autumn 
and the willter, this large amount of incoming river-water cou Id have effects on the normal development of 
oysters: 

~ A too large adding of Fresh water will induce problems of osmosis on the tissues of the oysters and on 
its food , the phytoplancton. 

,. The water containing substances spread by the fanners could have potential noxious effects on oysters. 

For ten yeaTs, the relations between Fanners and oyster farmeTs have been good. Thus time schedule of the haUTS 
of apening lock gale, have been implemented ta prevent accidents. Nevertheless an abnormal mortality of 
aysters is still observed in Marennes-Oléron, th us a large scale rcsearch program has started ta understand and ta 
find the rcasons ofthcsc mortalities. It is the challenge "Défi MOREST". 

'affinage: Last step of the production of oysters. The oysters are put in basin in order that they eat bille algae, 
their fle sh become green, a colour enjoycd by the consumers. 
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2.2 Presentation of the challenge "Défi MO REST" 

Since few years, the end of the 90's, abnormal increase of the oyster mortality has occurred during summer time. 
The previous studies tend to show that not only one cause can be identified, but that this phenomenon results 
from a combination of parameters. A programme was started in 200 l to precise these interactions. It is the 
challenge "Défi MO REST", (summer mortality of Crassostrea gigas). 

2.2.1 Localisation 

The "défi MOREST" concem to three sites in France where it was observed, an abnormal increase of the 
oysters' mortality non explicated. This sites are: 

lO> Bay of Veys: Normandy in the Cotentin East. 
lO> South ofBritain: Morbihan gulf, Auray's river and bay of Quiberon. 
lO> Atlantic coast: Basin of Marennes-Oléron. 

This is on this last site, the basin of Marennes-Oléron, that the subject of the training period is included. It is a 
part of the research among the different studies done on the variation of the physical and chemical parameters, 
the biologie features of the environment and their interactions with the oysters. In this way of research, a 
workshop site Dynamor: Mortality dynamic, has consisted in the follow-up of these parameters on oysters 
livestocks placed on growing tables at 15 cm and 70 cm above the sediment. 

2.2.2 Explanation of the study site "Dynamor" 

2.2.2.1 Definition of the experiment study site Dynamor. 

The interest of the site "dynamor" is to work with oysters from the in s itu. Hence, four livestocks of oysters have 
been placed at the dispbsal of the researchers. The different livestocks exposed to the twô growth conditions are 
18 month old oysters: 

lO> Resistant families (named TOP); diploïdic families genetically selected. 
lO> Sensitive farnilies (named FLOP); diploïdic families genetically selected. 
lO> Diploïdic oysters from natural spat: Capt- Nat. 
lO> Triploïdie oysters, produce by specifie crossing so as to obtain sterile organism better for sell: Triplo. 

Two environmental conditions corresponding to the growing place of oysters is proposed: 
lO> One sensitive environment because at 15 cm above the sediment. 
~ One environment which presents less risk for the oysters (70 cm above the sediment) 

Figw-e 2: Oysters' growing tables at 15 and 70 cm on 
the workshop site Perquis in the basin of Marennes­
Oléron. (©lfremer) 

Table III: Representation of the different condition on the dynamor experiment site. 

Triplo TOP Capt-Nat FLOP 
70cm 
15cm .,... 

The previous table is a mode! representation of the watted mortahty response of oysters, the arrow indicates the 
gradient of the mot1ality. 
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2.2.2.2 The workpackages ofDynamor experimenl 

ln 2003, the principal aim is to identify the causes of morta liry in relation with the mode! srudied in the basin of 
Marennes-Oléron. Therefore 7 Ifremer laboratories and other associated laboratories, are involved to that task 
with an annual budget of 1.5 million of euros. Table 4 defi nes the different themes of study. 

Table IV: List of the partners and their activities 

Partner Laborator y Activities 
P.Guilpain RA-LCPC Dynamic of mortality and biometry 
F.Blouin RA-LCPC Indicator of maturation 
T.Renault RA-LGP Emocytair activity 
T.Rcnault RA-LGP Reserach of the pathogene agents 
A.Le Roux RA-Pl Ionie composition of the emolymphe 
J.Haure RA-LCPL Ecophydiology comparative 
T.Burgeot DEL-PC Biomarker for resistant and sensible oysters 
T.Renault RA-LGP lmmunotoxicity 
N.Malet CNRS-Thesis Origin and assim.ilation of the trophic resources 
T .Burgeot DEL-PC Study of the pesticides on a breeding population 

F.Quiniou DEL-PC Embryotoxicity-comparison of the populations 

J.L Nicolas RA-PI Study of the bacterial microflaura 

F.Quiniou DEL-PC Embryotoxicity-comparison of the sediment 

O.Le Moine RA-LCPC Study by « transecs » hydro 
F.Blouin RA-LCPC Study by multi-parameter plummet 
T.Burgeot DEL-PC Contamination of sea-water by the pesticides 
T.Burgeot DEL-PC Sulfure and ammonia analysis 
F.Leroux RA-LGP Bacterial challenge 
F.Lcroux RA-LGP Biodiversity pro and euca_ryote of the sediment 
P.Geairon RA-LCPC Histology quantitative 

Thus, in summary, the different themes of research are divided on two main thrust, on one hand on the animal 
(the oyster) and on a second hand on the environment (sediment and water). The task in which the subject of the 
training period is involved is the embryotoxiciry comparison regarding to the sediment and the livestocks. 

2.2.3 The questions asked 

As it has been presented in the summary of the tasks for the project MO REST, the laboratory where takes place 
this study, is implicated into two main themes of research. The potential toxicity of the sediment and its 
evolution on time, and the impact of the sedi ment proximity on the quality of the gamets descended from 
Crassostrea g igas exposcd on 15 and 70 cm growing tables. This research are achieved using a bivalve bioassay. 
This leads to try to answer to those following questions: 

}> Is there a potential effect of the sediment on the oysters' embryonic development ? 
}> Is there an evolution on time of the potential toxicity ofthe sediment in Marennes-Oléron ? 
}> Does the proximity of the sediment regarding to the oyster have an influence on its capacity to 

produce normal D-larvae ? 

On the sa me ti me, a study of embryotoxicity on 8 main pesticides has been conducted: 

}> To compare later on, the effect of the mixed pesticides solution on the embryonic development with 
the biomarkers study assesment done by another tcam. 

}> To determine the dose effect ofeach ofthese pesticides on the embryo-development of larvac. 
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2.3 The means implemented 

2.3.1 The oyster Crassas/rea gigas 

Classificatio n 

Division: Lamellibranche 
Order: Filibranehe 
Sub-order: AnÎsomyar;a 
Super-family: OSlreidae 

Adu lt morphology 

Fal1l(ly: OSlreidae 
Sort: Crassostrea 
Race: gigas 

The shell of the Japanese oyster Crassoslrea gigas is eonstituted of two unequal valves: theright valve has an 
opereulum. The shape of the shell is in relation with the kind of soil and the way of culture of the cattle (His and 
Cantin, 1995). An elastie ligament, horny, links the two valves. The elastieity of that ligament tends to move 
away the left valve From the right one, whereas the adducent muscle tends to bring them near (Bousaïd, 2000). 

Distribution 

The Pacific or Japanese oyster (Crassoslrea gigas), from east Asian continent (Korea, Japan and China), is 
relatively weil distributed over the world (His el al., 1999): 

» North America (pacifie coast of America and Canada) 
» Asian part of Russia (Okhotsk sea and the Sakaline island) 
>- Australia 
» Europe: from the Channelto the Moroccan coast, the Mediterranean sea 

2.3.2 Bioassay on the oyster embryonic development 

The first bioassay on bivalves was performed by Loosanoff el al in 1955. ln 1973, Woelke designed the test of 
toxicity on the embryo larvae development of oysters (His el al., 1999). This acute test was chosen by the 
laboratory for several reasons: 
» Test sensibility: from a general point of view, the first stages of the development of the organisms tend to 

show a high sensibility to pollutants. His el al. in 1999, build a rank of the sensibility of bivalve function of 
their age: embryo > veligere > pediveligere > juveni]e > adult. Futherrnore a study of Martin el al. (198 1) on 
the sensibility oftwo bivalves (C.gigas. Medulis) show that both tests have almost the same sensitivity. 

}> The providing: in Europe the natural oysters ripeness Dccurs from June to August in the environment 
(Lango-Reynoso el al., 2000). But it is also possible to be provided whatever the month with ripe oysters 
thanks to hatchery. This allows t'he performance of the bioassay ail the year along. 

,.. The tolerance regarding to the experiment cond itions: Crassosrrea gigas has a large tolerance regarding 
to the environmental features. It could develop with a tempe rature going from 15 to 30 oc. Nevertheless, the 
tempe rature influences the embryas and larvae. The oyster's larvae supports and can develop under a range 
oF salinity going from 20 to 35 %0 (His el al., 1989) 
T he materia ls means: the tests based on the embryolÙc development of CraSSOSll'ea gigas only need a 
current material: therrnostatie cupboard. microscope (x 400), one use flask and sterilized materials. 

To carry out such a bioassay, the cost must include the purchase price, the one used glassware and the ripe 
oysters, which totally can goes up 10 1,000 euros. 

Ncrvertheless, this test presents some pccaution that have ta be took: 

» The qua lit y of the ripeness of oyslers: Due to the fact that the experimcnt is based on biological material, 
the quality of the parents could not be maxi mum ail the year along. However, this parameter has a real 
important role on the managing oFthe test. 

» T he care on ail the steps of the experiment: During the carrying out of the test, a particular care has to be 
done to the biologieal material. A stress coming from a pollutant or a problem during the manipulat ion could 
compromise the test. It is important to follow the protocole of the ex periment and to check ail the steps as 
weil as the perfeet quality of the glassware used. 
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2.4 Conformation to the project 

ln an cnvironmental impact study, the aim is ta understand how the pollution is introduced in the environnlcnt 
and how it could influence the naura and l'he fauna as the humans. In this study, the targer of the pollution is the 
oyster Crassas /rea g igas. For a few years during the summer time, they have becn victim of man y paramctcrs 
that induee them die. Nevertheless, the reasans of their death are not weil known and that is why the Dé fi 
MOREST was designed two years ago. 
Thanks to our knowledge and the means of wark in embryataxici ty, thorough experiments will be perfanmed ta 
see the influence of pollutan ts on the oyster embryonie development. Thus three kind of ex periment were 
performed: 

~ The potential toxicity of the water and the sediment sampled on oyster farming concession of 
Marennes-oléron. 

}> Effeet on the envi ronmellt condition on their capacity to produce normal D larvae. 
J> Assesment of the toxicity of8 pesticides tested alonc and in mixing. 

Even if the reasons of these Illortalities are not really known, in order to determine the potential impact of 
pesticides coming from agriculture in the upstrcam rivers, the specifie focus on agriculture and moreover on 
pesticides will be donc in the chapter three. It will explain from the start of the application ta its fixation to the 
sediment, how pesticides could become a toxicant for the environment. 
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3 PESTICIDES IN CHARENTES-MARITIME 

3.1 Presentation 

Pesticides are chemical complexes which could come from organic or mineral origin, but which are often 
obtained from chemical synthesis, they are so called xenobiotics. They could be organo phosphoreus, organo 
chlorate or organo metalic. The sales of pesticides have increased between the 80's and the 90's up to 17% with 
a mean of three kilograms used by hectare of intensive culture. In France, each year 95,000 tons are spread 
which makes it the third market of the world after USA and Japan. In Europe there are around 900 active 
substances in use. 
The pesticides allows the modern agriculture to put down certain constraints of the field in order to irnprove the 
efficiency and to produce in relation to the market demand (aspect, homogeneity, sanitary quality). The culture 
and the harvesting are facing lots of enemies. In the world, there are around 15,000 species of pathogenes 
mushrooms, 10,000 species of harmful plants. The harvesting tosses each year are estimated at 200 millions of 
corn and 140 millions ofwheat around the world.(Van der Werf, 1997) 

3.2 The case of the Marennes-Oléron basin 

3.2.1 Localisation of the slope beds 

The public opinion has been alerted at the early 80's by the responsability of the agriculture concerning the water 
quality. The attention went first to nitrates, but secondly the usage of fertilizers, which has multiplied by eight 
between 1959 and 1990 on the national territories (Marchand and Kantin, 1995), has alarmed the departement of 
Charente-Maritime. 

In 1997, the regional service for the crops protection has started a big survey in the region Poitou-Charentes .to 
evaluate the fertilizers used and their quantity. 
Five coastal bassins near the oyster farming area have been chosen, they are: 

~ La Charente 
~ The short coastal river 
~ La Seudre 
~ The coastal municipalities 

(Elarente awl) Figure n"18 : 

Rhcout' 

Figure 3 : Map of the department of Charente­
Maritime, representation of the different 
tribu taries and ri vers. (Picture RNO, 1997) 

Three main use of the soils could be 
estab1ished by 1ooking the figure 3. They are 
mainly composed of vegetal production, from 
the east to the west: 

~ The vineyard of Cognac. 
~ The valley of Boutonne, slope 

bed with a lot of cereals 
production. 

~ The coastline, market gardening 
and breeding. 
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3 .2.2 Agricultural use and others 

The pesticides are nowadays used cornrnonly in many fields. Two of them cou Id be established, the agricultural 
sector and the non agricultural fied. The first one regroup the culture ofwheat, sweetcom, barley, sunflower, pea, 
melon, vineyard, fallow, arboriculture, grassland and forest. The second field, non agricultural, used also 
pesticides in order to clean areas, it regroup the municipalities roads, the highways (ODE), the railway (SNCF) 
and the people that use pesticides at home for the garden. (GRAP Poitou-Charentes, 2002) 

3 .2.3 Spreading quantities 

In this survey, for the three slope beds and the coastal municipalities of the downstream side of the department 
Charente-Maritime, a list and a quantification of the products spread have been established, it regroup 142 
products. Thus in 1997, the based year for this study, the mass and the number of pesticides spread in the 
different slope bed are: 

~ 1,450 tons from 123 compounds spread in the Charente. 
~ 9 1 tons from 60 molecules used in the Seudre slope bed. 
~ 86 tons from 57 substances discharged near the short coastal river. 
~ 119 tons from 121 products used in the coastal municipalities. 

For example in our following study we have tested 8 pesticides, 6 of them have been analysed in this survey and 
are being considered as a priority in the list of active substances established by the collaboration of Ifremer, 
SRPV and rNRA. (GRAP Poitou-Charentes, 2002) 

Table V gives an overview of the quantity of each pesticide used in 1997 in the department of Charente­
Maritime: 

Table V: Pesticides quantities spread in the slope bed for 6 of the 8 pesticides studied in the project, and 
percentage of them on the 142 substances used. 

Quantity used on the coastal slope bed (Kg) 
Pesticides studied CHARENTE SEUDRE SHORT COAST AL COASTLrNE Total 

RI VERS MUNICIP ALITIES 
Alachlore 83 ,393 8,022 3,5 17 8,477 103,409 
At razine 103,832 9,963 4,365 10,602 128,762 
Fosetyl - Al 81,826 5,270 5,047 5,798 97,941 
Glyphosate 102,062 6,768 6,159 9,414 124,403 
Metolachlore 61,47 1 5,864 2,583 6,199 76,117 
Terbuthylazine 44,578 2,952 2,832 3,056 53,417 
Total 477,162 38,839 24,503 43,546 584,049 
Total of the 142 2,204, 178 140,633 124,040 208,772 2,677,623 
substances used 
Percentage on the 21.6% 27.6% 19.7% 20.8 % 21.4% 
142 substances 

In 1997, around 2,700 tons of pesticides have been spread in the slope bed of the basin of Marennes-Oléron. 
Among this 142 substances, one fifth is represented by six of the eight pesticides followed. The river Charente is 
the influent the most responsible of the feeding of pesticides in the basin. The estuarie of the Seudre, where is 
situated nearby the experimental study site « Dynamor », could have brought 140 tons of pesticides from its 
slope bed. 
The datas on Diuron and Carbaryl have not been cou nt at the ti me of the survey. 

10 



1 

3.2.4 Application's Period 

Table VI gives for seven of the eight pesticides chosen for the study, the period of application for the agricultural 
field of activity. These pesticides are considered as the most conunon met in the environment. 

Table VI: Spraying period of the pesticides studied on the current year 2001. 

As il could be seen in the previous table, the main period of spreading is the spring time, corresponding on the 
field to the first period of cereals' growth. Furthermore, it corresponds in the sellfish farming concession of the 
basin of Marennes-Oléron to the previous period of maturation of oysters. 

Carbaryl is an insecticide, Fosetyl-Al is a fungicide whereas the others pesticides are ali weedkiller. 
Terbuthylazine, diuron and glyphosate are substances used for the weeding of vineyard whereas Métolachlore, 
Alachlore and Atrazine are essentially spread for the weeding of corn. Atrazine is a pesticides is now forbidden 
since 1997. 

3.3 Physical and chemical features 

It is possible to assess the behaviour of a molecule in the environment, with a minimum of parameters. But these 
data have to be completed to evaluate the risk in a particular situation. In fact, a lot of hydrological and 
sedimental processes occur in space and ti me. lt influences the trans fer and the evolution of the poilu tant in the 
soi!, in the surface water and on the aquifere to the coast. Modelling is then the only deviee able to integrate all 
these features (Andral, 1996). 

In appendix 1, the physical and chemical parameters of 8 pesticides studied are compiled in tables. They inforrn 
about the different features, influencing the behaviour of each substance in the environment, as following: 

)> Hydrosoldbility: Gives information on the behaviour of a substance in a l:nvironment, particulary on its 
ability to be metabolite by living organism, orto be train in the water (presence in the dissolved phase) 

)> Henry's constant (H): Calculated from the vapour pressure, it allows to evaluate the tendency of a product 
to go from the dissolved phase to the gas one. 

)> Log P: Coefficient of partition between the octanol and the water, expressed ~w. it represents the potential 
of molecules to bioaccumulate in tissues. 

)> Koc,: Coefficient of partition between carbone organic and the water. This value indicates the faculty of a 
molecule to be adsorbed on a particle, then it allows to estimate its average mobility in the soi!, when it is an 
organic matter soit. 

)> DT 50: Half li fe in the soit. lt shows the evolution of the concentration in the soit by biotic degradation and 
by evaporation. 

)> EC50 Effective concentration able to induce 50 % of effect on the organism. This biological measure gives 
imp01tant information for the prevention of risks and for the establishment of reconunendations or 
restriction regarding their usage. 
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Table VII: Parameters and treshold values used to evaluate the behaviour of pesticides in the environment and 
their effects on non target species in fresh water(Andral, 1996) 

Hydrosolubility (mg/1) 

Henry's constant 

(Pa.m3.mof1) 

Log P 

Koc 

DTso (days) 

Low 

Low mobility 

Instable 

CE50 (acute in mg/1) Low ecotoxicity 

10 

8 

hydrosoluble 200 

volatile 1 ,OOE+06 

Bioaccum ulable 3 

Mobile 100 

Not very 30 

Ecotoxicity 0.1 

The degrade from the blue to the orange corresponds to a gradient of risk for the environment. 

Table VIII : Potential behaviour of the eight pesticides in the environment regarding to their physical and 
chemical parameters 

• 1 

The risk assessment done thanks to the physical, chemical and ecotoxicological parameters that come from 
annex 1 allow to do sorne hypothesis : 

~ Alachlore, Fosetyl-Al, Glyphoste and Metolachlore are supposed to be diffuse easily in the environment 
regarding to their hydrosolubility. They could become toxics in the aquatic surroundings. 

~ Alachlore, Carbaryl and Terbuthylazine present high risk to organisms because their ecotoxicity is 
considered as elevated. 

~ Alachlore is th us a pesticide very harmful to the environment. 
~ Atrazine and Terbuthylazine do not present risk for the marine closed environrnent due to the fact that 

they could evaporate easily and be transport in another far place. 
~ Fosetyl-Al, thanks to its hight hydrosolubility and its high mobility will become easily bio-available in 

the environment. Moreover that its halflife is long. 
1 • 

The chapter 4.2.3. gives the result of the effect, ofthose eight pesticides alone and in mixing, on the embryonic 
development of Crassostrea gigas. 
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3.4 Behaviour in the environment 

It has been cstimated that 2.5 millions tons of pesticides are applied on soils and cultures on the earth. The part 
having a direct contact with the target organism is 0.3 % whereas 99.7 % of these substances is going « away » 
(Pimente!, 1995). 

3.4 .1 Migration mecanism 

As soon as the pesticide is in contact with plant or soi!, it starts to disappear, it is dissipating. The active 
substances could volatilize, leach down in the soi! or stream in the river to reach the surface water or the 
aquifere. It could also be absorbed by plants or organisms in the soi! or simply remain in the soi!. 

Soravine l 
Rainine 

Volarilization 

Streaming 
erosion 

De!!radation 

Industrial 
P.fflm~nr 

Rainine 

Volatilization 

Carrying of 
particules 

Rainine 

Volati lizarion 

De!!radation 

L.,.__SL_O_P_E_B_E_D~-----__:__----+•1 ESTUARIE 

Figure 4: Pesticides trans fer mode from spreading areas to esruaries (Munschy, 1995) 

3.4.1.1 Becoming in the soi! 

The dissipation of pesticides in the soi1 is due to the fact th at a chemical reaction occurs in it and mico-organisms 
act for it. The rate of degradation increases generally with the temperature and with the concentration of water in 
the soi! (Walker, 1976). The speed of degradation is determined with the half !ife (DT50). It a lso has to be 
considered that, the products of degradation incoming from the active substance are the metabolites. ln fact they 
cou id have sorne toxic impact and their half !ife is sometimes longer than the pesticides themselves. 
The mobility of the active substance is often slowed down by its adsorption on soi! particles, due to sorne 
physical and chemical properties of the soi! and the molecular features of the substance. It is the organic matter 
tha t essentially keeps the pesticide non ionie. 
The coefficient Koc is defined to measure the degree of adsorption of the pesticide by the soi!. (Leonard, 1990) 

With: 

~ Koc = Coefficient of soil/water partition 
~ %0M = Percentage of organic matter in th e soil 

The adsorption of pestic ides from the soi! by the plants is probably one of the main ways that incluces the bio­
accumulation of it along the different trophic leve! . 
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3.4.1.2 Volatiliry 

Ir is one of the main ways of pesticides' dipersal Qut of the targcl area, especially when the trcatment aims the 
soil surface or the plants. The loss by volatility could go up to 80 % of the applied praduct, few days after the 
treatment. (Glotfely el al., 1984 ;Taylor and Spencer, 1990). The constant of Henry (H), the ratio of the vapour 
pressure on the \Vater solubility, givcs a good idea of the rate of volati lization of the susLancc. The products 
getting an H over 2.5 x 10" are volatile but their volatility decre.ses \Vith time. Whereas the praducts with an H 
\Vith a value largely less than that, are less volat ile but their volati lity incrcases with time. 

3.4.1.3 Streaming and leaching 

The streaming is defined as the movemem, at the surface of the soil, of the water flow that contains dissolved 
and suspended matter (Leonard, 1990). This streaming eould carry away pesticides in solution, suspended or 
adsorbed in the sediment. The substances that are highly .dsorbed and resist to the degradation and to the 
volatilization, rernain at the soil surface for a long lime and are induced 10 be swept alang the water strcaming. 
Howcver. the importance of the pesticides migration is delermincd by three parameters: 

~ The type of soil and the culture 
~ The delay between the spread 
~ The first following rain and its intensity of il. 

The leaching is a kind of percolation, it depends on the nature of the soil and the physic.1 and chemical 
properties of the pesticides. These ones will lay down the transfer condition of the molecule in the gas phase 
(diffusion) and especially in the Iiquid phase (diffusion and leaching). The way of the water is determined by the 
soil porosity, the mechanic dispersion, the adsorption and desorption phenomena on coloidal (Hascoet and 
Jarnet, 1987). 

3.4.1.4 Models ta simulale ilS dispersion 

ln the previous part, the different ways of the dispersion of pesticides have been shown. In this part, a short 
summary of the quantification for the environmental effects of pesticides will be done. Levitan el al. (1995) have 
drawn up a large inventory of it, by establishing a list of 38 processes of parameter integration going From the 
economical conditions to estimations based on ooly one parameter as a descriptor of the environment. A short 
presentation of three methods will be enough to have an overview. These methods are designed to help the 
farmer in the choice ofproducts in order to împrove the rat io between the amount used and the amonnt needed. 

ECOllomical and ellviromnemal treslzold o[nu;sance: SNEE. 

SNEE: This treshold is defined as the strength reached by an undesirable population corresponding to the 
equality between the cost of the treatment ofit and the benefits desired. Il is calculated by ta king into account the 
physical and chemical propcnies of a substance and its toxicity (EC,o) and by asking fanners about the amount 
of money they accept ta pay per hectare to avoid pollution indueed by the treaunent. (Highley and Wintersteen, 
1992) 

QIE: Environmental Impact quotient: it is a value to describe the harmful effects of pesticides at three levels: 
farmers, consumers and the environment. Each of them has the same weight on the calculation of the QIE. The 
risk assesment is calculated for each eategory, from the toxicity of the pesticides multiplied by its potential 
contamination which is: 

~ For the farmer: Time of exposure 
For t.he consumer: Chronic toxicity 

~ For the environment: Acute toxicity multiplied by the halflife 

This index allows ta make a comparison berwcen the environmcntal impacts of the pesticides and the the 
remediation praeesses. (Kovach el al., 1992) 

The expOSlIl'e oDile environment fO tire pesticides: EEP. 

EEP: The process is ta calculate the score of environment exposure ta the pesticides to help the ranners ta 
reduce it. This score is calculated for the air, the soil and the water. The user can choose the weight of each score 
depending on ilS localisation. The formula is: 
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)> EEP air= m.p 
)> EEP soli = m.DT so 
)> EEP ,.., •• = m.DTso-Kom-1 

Where 
Kom = partition coefficient between organic matter and water 
rn = masse of a pp lied pesticides 
p = va pour pressure of the pesticides 
DT 50 = half !ife of the pesticides in the soi! 

This calculation does not use the toxic effects, in fact the authors do think that these effects represent a small 
parts of the real effects. They prefer a process which focuses on "the reduction of the exposure of pesticides. 
(Vcrheijken et al., 1995) 

Thus the process of Highley and Verheijken (1995) is principally based on the assesment of the environmental 
impact whereas the one of Kovatch et al. ( 1992) takes into account the effects on the farmers and on the 
consumers rather than the effects on the environment. 

3.4.2 Adsorption of pesticides on the sediment m the aquatic surroundings 
(bassin of Marennes-Oléron) 

According to the proposed following representation, pollutants enter the environment by diffuse input from the 
atmosphere or by point introduction from streams at their upper, lower and lateral boundaries of the local a rea. 
The major source of particles is detritic material, coming either from rivers or shoreline erosion, which could 
contain pesticides. Atmospheric deposition is a secondary, but potentially important, source of pollution in the 
coastal ocean. 
Any pollutants introduced into the water column will undergo a series of chemical reactions or transformations 
that will not only govem its transport through the water colurnn but also affect its toxicity to marine organisms. 
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Figure 5: Possible transformation of pollutants in the water column. (Assimilative Capacity of U.S. Coastal 
Waters for pollutants, 1979.) 

Figure 5 summarizes the possible chemical and related processes or transformations in which a pesticide may be 
involved from its time of introduction until is removed from the system. 
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3.5 Water quality 

Only about a hundred of substances and its derivates are practically analysable. Also the measured 
concentrations given are the representation of a s ituation at that time (e.g. hydrological and raining conditions). 
These concentrations have to be associated with the notion of water flow, indeed then the effect of each s lope 
bed on the pollution in the estuary is known. The notion of concentration allows to evaluate the potentia l of 
ecotoxicological risk at this point. Due to the fact that the sampling is performed in the rivers, it would not give 
the information of the real concentration in the Marennes-Oléron basin. Nevertheless, these concentrations at 
different stations give an idea of the pesticides feeding. 

Table IX: Highest concentration (Jlg/L) of six of the eight pesticides found in four ri vers of Charente-Maritime 
in 2001. (GRAP Poitou-Charente, 2002) 

River Seudre Arnoult Seugne Charente 
Station n•oso2soo n•osoo1soo n•os007600 n•osoosgoo 
Date May 2nd May 2nd May 2nd May gth 

Alachlore 0.06 0.02 0.03 
Atrazine 0.24 0.07 0.13 0.07 
Diuron 0.32 0.14 
Glyphosate 0.15 0.11 
Métolachlore 0.24 0 .07 0.05 0.06 
Terbuthylazine 0.43 0 .14 0.05 0.02 

The highest concentrations of pesticides found in the different ri vers are ali situated in the start of May, they do 
not goes over the concentration of one J.Lg/L. ln fact the period where the most of spreading take place is the 
month of April and May, to avoid the development ofweed predators at the spring time. 

Although in 1997, The Charente slope bed had a consumption of pesticides 18 times bigger than the slope bed of 
Seudre (Chapter 3.2.3 .), in the start of May 2001 , the Seudre seems to be more polluated than the Charente. 
Furthermore, it is interesting to notice that the estuarie of the Seudre is situated at the level of the experimental 
study site whereas the one of the Charente is s ituated on the north of the basin of Marennes-Oléron. Thus, the 
site « Dynamor » is more liable to receive the effluent concentration of Seudre than the one of Charente. The 
next part will foc us on the potential effect of this pesticides for hu mans and to the marine environment, the tl aura 
and the fauna ofthe basin of Marennes-Oléron. 

3.6 The effect on the environment 

3.6. 1 Toxicity for humans 

lt has been estimated to around a million of intoxication per year due to ingestion of pesticides by accident and 
around 20,000 deaths (Who-Unep, 1989). Most of the ti me the toxicant is ingested from residues present in the 
food; but the absorption could be done by drinking water, by inhalating air or by skin contact to the product 
(Spear, 1991 ). The fanners and workers who prepare the mixing and perform the spreading are supposed to be 
more exposed and so to be injured by the product by contact or inhalation. 

3.6.2 Effect on the marine environment 

Despitc two decades of research, the extent and importance of pesticide pollution in estuaries is poorly 
understood. Laboratory studies of the ir a cu te and chronic toxicity indicate that pesticides may be the cause of ill­
defined but significant mortality, Joss of production, and perhaps, changes in the direction of natural selection in 
the fauna of estuaries (Butler, Philip A., 1966). Preliminary investigations show the need for a monitoring 
pro gram to identify the spatiotempoaral distribution of pesticide pollution in estuaries. 
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A conti nous study has been achieved by Mason et al., ( 1999-2002). It was a four year follow up of the potential 
toxicity of short coas tai ri vers of the basin of Marennes-Oléron. The toxicity have been determined thanks to the 
bioassay on the embryonic development of oyster Crassostrea gigas. A bibliographie study of the results of the 
student report allows to do sorne conclusions. 

}> There a possible harmful effect of these water effluent, from the agricultural area, to the marine li fe 
that could be due to: 

• Fertilisers or its products of degradation. 
• Degradation of the water quality, e.g. eutrophication 

}> The rainfall plays a important role in the earrying of active substances and has to be taken into 
account in the discussion of the results. 

}> By good weather, the volatilisation could act as a transport of xenobiotics to the areas situated at 
proximity from the agricultural ones. 

}> The coastal areas are protected from potential pollution when the rainfall is absent. 
}> For almost each year of study, the maximum of effects observed on the embryo-development of 

oysters corresponds to samples performed in the start of June. 

3. 7 The way of the prevention 

The aquifere and the slope bed for the surface water must be protected. Thus a simultaneous action is needed so 
as to treal the problem and the research of solutions. The idea that has to be transmitted, is the one of a better 
perception of the environment and its constraints, in order to construct an agriculture that respects the 
environment and the consumers on the one hand, and one of cooperation between ali the users of water, which 
by maintaining the water quality take into account the economical aspects on the other hand. 

Th us a label exists for the spreading of nitrates and could be reproduced easily in the case of pesticides, its name 
is " Ferti-Mieux" (Sobilote, 1999). It is based on a voluntary action of farmers to change their way of practice. 
That is why the advices given to farmers, aims at changing their mind along the year. Then by increasing the 
requirements and by doing a regular assesment of the practical modification thanks to a specifie methodology, 
will allow to modify their practice few by few. This operation brings together in the same time the farmers and 
ali the actors of the water quality (administration, public institution and the water office etc.) 
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4 ASSESMENT OF TOXICITY USING BIVALVE BIOASSAY 

The impact of pesticides on the marine environment can be assessed by monitoring their occurrence in the 
marine environment and by assessing their toxic effects using in vitro bioassays. Acute bioassays have been 
generally used to set marine water quality criteria, but bioassay techniques now can determine effects of one or 
more toxicants on the survival of oysters. This part will explain how the bioassay are performed and how the 
tested solutions are prepared. 

4.1 Material and method 

4.1.1 Sampling ofthe tested medium 

4.1.1.1 Geographie localisation and date ofsampling 

Thanks to a "chalan", a flat-bottomed boat or a barge, the 
sampling cou Id be performed in the middle of the bassin, in 
the two different sites of sampling. "Dynamor" is the 
experimental study site for the monitoring network (chapter 
2.2.2.) to follow the different parameters so as to assess the 
effect of the sediment proximity ( 15 and 70 cm above the 
sediment) on oysters. This site named also as Perquis is an 
area where the oysters' mortalities occur often. It is situated 
on the south of the basin and is dierectly exposed to the 
effluent of the river Seudre. lndeed, the site dynamor is in 
the estuarie of this river. 

Agnas is another followed site in order to aêhieve 
other measures, an area where the mortalities are lower. 
Agnas is situated between the Oléron's island and the 
continent. It is on the middle of the basin as far from the 
estuary of the Charente than from the estuary of the Seudre. 

Figure 6: Geographie situation of the basin of Marennes­
Oléron: experimental study site "Dynamor" on Perquis and 
the other followed site Agnas. 

It has been planned for the project MOREST, to assess the potential toxicity of sediment and sea-water using 
bivalve bioassay. Different period oftime for the sampling have been planned: 

l. Before the start of the oysters' mortalities {141
h & 261

h of May 2003) 
2. During the oysters mortalities {!6th & 23'd of June 2003) 
3. After the oysters mortalities (9'11 ofSeptember 2003) 

4.1 .1. 2 The sediment 

At each sampling period, sediment from two sites, Perquis 
and Agnas are sampled. 

The sediment is sampled a low tidal (coef 70-90) on the 
two sites under the growing oysters ' tables. The first 
centimeter is sampled and put into a steri le flask. It is 
preserved at low temperature in a cool box for the transport 
at 7-8°C. 

Figure 7: Sampling of the first cm sediment, Basin of 
Marennes-Oléron, June 2003 . 
© IFREMER 
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4.1.1.3 The seawa/er 

The sampling of the sea bas to be perfonned while respecting a few rules; the water cannot be sampled direetly 
on the site. In fact, when tidal is low, it is possible to find SOrne puddle pool of stagnant water; nevertheless it is 
not interesting to sample it due to the faet that this sea-water does not represent the feeding of the water flow. 

4.1.2 The tesled medium 

The seawater is sampled in poly-propilene flask at 100 m from 
the tables in the sea-current.. Jt is preserved at low temperature 
in a cool box for the transport at 7-8 oC and then put in the 
fridge in the laboratory. 

Figure 8: Sampling of the seawater on the current, Basin of 
Marennes-Oléron, June 2003. 
© IFREMER 

4.1.2.1 The rflfèrence seawater: RSW 

The reference seawater used for the experiment is provided by an experimental hatchery Ifr.mer (station of 
Argenton). Thus the seawater has a standard quality of oceanie sampling that is filtrated at 1 IUD. It is stored in 
the laboratory at low temperature (15 oC) without any light.The day before the test, the reference sea-water is 
adjusted to the salinity 30 %0 thanks to demineralized fresh water. It is then one more time fittrated through a 
0.2 IUD sterile membrane. 

4.1.2.2 The reference toxic 

ln order to check the sensitivity of oysters parents, copper sulfate is used as a reference toxic from 0 to 80 Ilg/L. 
The EC"'-24h determined must be 34.88 ~g of CuSO, /Litre (+/- 6.07) (Quilliou et al., 1999) to valid tbe test. Ali 
the bioassay perforrned with this reference toxic eomply with that interva!. 

4.1.2. 3 Thesediments 

4.1.2.4 Theseawaler 

Tbe two sediments sampled in tbe basin of Marennes-Oléron have 
grain sizes that define them between clay and sand. In order to 
remove broken sheUs and other big particles, a 2 mm sieve is used. 
Tests were perfoflned in contact with sediment at concentration of 
0.1-0.5-1-5- 10 wet grams per litre. During the shacking, the 
solution is distributed ioto several 30 ml pots. The dry weight is 
determined on three replicats dried 48 hours at 60 oC in order to 
remove ail the water from il. 

Figure 9: Solution distribution in 30 mL pots. 

The seawater water is used in few bioassays with and without filtration. Filtration is used in order to remove 
suspended matter, and by consequence to remove the pollutants adsorbed on il. It allows thus to obtain as a result 
the only effect of the seawater on the development of the oysters larv.e. 

4. J .2.5 The pesticides 

The pesticides are coming from the same laboratory maker, ANOPOL WARSAW POLAND. Regal'ding to their 
physical properlies and techuical features. Thus the solub ili ty, the coefficient of partition water solvent and the 
EC"'.96h on algae have been studied to detel'mine the possible concentration feasible for the experiment. 
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Because of their low hydrosolubility, six of the eight pesticides are preparedin ethanol as sol vent for the mother 
solution. Glyphosate and Fosetyl Al are directly dissolved in demineralized fresh water. Ali the mother solution 
are shacked by vortex and passed into a sonificator to increase the dilution to the maximum. Nevertheless, it 
happens, like e.g. the glyphosate, that the pesticide does not solubilized completly. The range of concentration is 
obtained by the dilution of the mother solution (pesticides-ethanol) into reference sea-water. 
The nominale concentrations tested for a pesticide al one are 0-1-1 0-l 00-1 ,000 J.lg/L. 
Besides, a mixing of the eight pesticides together has been tested at concentrations met in the environment : 

);> Carbaryl : 0.2 J.lg/L 
);> Alachlore, Fosetyi-Al, Glyphosate and Metolachlore : 2 J.lg/L 
);> Diuron : 4 J.lg/L 
);> Atrazine and Terbuthylazine : 6 J.lg/L 

An undersample of each concentrations tested has been done at the start and the end of the test in order to 
determine the effective concentration subsequently. 

4 .1. 3 Origin of the parents 

Oysters used for assessing the potential toxicity of the seawater and the sediment come from Satmar hatchery 
(Barfleur, Normandy). They are conditionned to be mature and ready to spaw in the laboratory. While the natural 
oysters exposed in « Dynamor )) growing tables are used to find the potential effect of sediment proximity in 
Marennes-Oléron oysters farming. Thus, three living oyster livestock samples were provided by the station of la 
Tremblade: 

);> 

);> 

);> 

Oysters from the natural spat living on 70 cm growing table: NAT 70 

Oysters from the natural spat living on 15 cm growing table : NAT 15 

Oysters genetically selectionned, considered as resistant and living on 70cm growing table :TOP70 

4.1.4 Bioassay, the experimental protocol 
1 

4.1.4.1 The reception of the oysters 

As soon as oysters' parents arrive in the laboratory, they are put into sea-water to help them to recover from the 
transport. During two or three hours they can eliminate a major part of the ir feces. ln the thermostatic room, they 
are brushed to remove the sludge and to excitate it. (Annex Il) 

4.1.4.2 The emission ofthe gamets 

The oysters spawn is induced thanks to a thermal shock in natural sea-water vats from l5°C to 29 °C as 
described in Quilliou and Alzieu (1999). Standard protocole (ASTM E 724 - 94) modified. 

Figure 10: Induction of the oysters spawning 
in the laboratory by thermal stimulation. 

If the natural em1ss10n of gamet does not occur after severa! cycles of 
thermal schock (3-4 times), the adding of sperm from a sacrified male is 
done, in order to act as a stimulus. Furthermore, if the emission does not 
occur yet, oysters are opened and the gonads are stripped so as to recover the 
gamets. 

When the natural emission of gamet has occurred (appearance of a white flow that goes out of the oysters), the 
oyster is put in a dry place. A sampling of the emission is examined through a microscope (x 400) to indentify its 
gender. 
The females are imrnediately cleaned to remove eventual sperm and put into a beaker. The natural emission 
could thus continue again. The bath are changed from 2 to 3 times in order to rinse the shell and to keep only the 
ovocytes of the chosen female parents. (Anne x II) 
Concerning the males, they are kept in a dry place to keep their fertilisation power that would be damaged in a 
long contact with seawater.A sampling is done to choose the females with the most mature ovocytes. The choice 
is done regarding to the ovocytes quality: the way of the emission (continuai flow, fluid, without clusters) and 
from the shape of the ovocytes (piryform and with a homogeneous contents). The male selection is done 
regarding to the density and the mobility of the sperm. 
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4.1. 4. 3 The fertilisation 

After selection of the best female, the ovocytes are filtrated through a 100 J.Ull sieve in order to eliminate deposits 
and oystersfeces or detrital. The density of ovocytes is determined by the counting on a binocular of 3 sampling 
of 20 f..LL. The sperm, after emission by the male in the seawater, are immediately recovered on a 32 f..Lm sieve 
and filtrated. The fertilisation is performed by ad ding sperm on the solution of ovocytes, so as to obtain 5 to 10 
sperm around each ovocyte. In the 15 following minutes, the fertilized eggs are inoculated in 30 mL tested 
solution, in order to have around 20,000 eggs/L. One couple is performed by bioassay, but the test is duplicated. 

4.1.4.4 Hatching and larvaefzxing 

The larvae are kept in the dark, during 24 hours at 24 °C (± 1 °C) in a thermostatic cupboard. At the end of the 
hatching, the larvae are fixed thanks to neutra) formol (8 %) with 0.5 mL for 30 mL test medium. (Annex II) 

4.1.5 Examina ti on of the results 

4.1.5.1 The effect criteria measured on the larvae 

Results are expressed in percentage of abnormal D Jarvae obtained after 24 hours incubated at 24 °C. 
Definition of abnorma/ities: Woelke (1 972) states, "normal larvae as referred to here, are those which are full y 
shelled, even though many may be misshapen or undersized". Woelke himself admitted that he adopted these 
criteria in order to simplify the evaluation, but his definition great) y diminishes the quality of the bioassay. The 
abnormalities found by looking at the Jarvae through the microscope are really different (Quiniou et al, 1999) : 

1-

)> Abnormality of segmentation: Embryo-genesis black. 
)> Shell abnormality: Hinge of the shell , concave or convex shape. 
)> Mantle abnormality: hypertrophy of the mantle . 

• 
D-larvae (N) Mant le hypertrophy (M) Hinge abnonnaliy of the shell(C) Development blocked at 

em bryo stet:(E) 
(Larvae's lenght 50 to 60 J.tm) 
~ Jfremer- Françoise QUINIOU. 

» Size abnormality: The larvae have got a smaller size than the others. 

Figure Il: The different abnormalities observed in D-larvae of oyster, Crassostrea gigas. 

4.1.5.2 Expression ofresults 

After examination through a microscope of 100 Jarvae by replicat, results are expressed as PBA and PNA: 
» PBA CPercentage of abnormallarvae bruto) 

Number.assay.abnormal 
PBA= x 100 

Number.of.total.larvae 

These results could be transformed in Percentagc of Abnormallarvae Netto (PNA) thanks to the Abott 
formula (Anonymous, 1980), so as to compare the results between experiments. 

)> PNA (Percentage ofabnormallarvae netto) 
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Number.assay.abnormal- Number.control.abnormal 
PBA= x 100 

100- Number.control.abnormal 

4.2 Results 

4.2.1 Sediments from the basin of Marennes-Oléron 

The complexity of ali the parameters that play a role in the mortality of oysters in the Basin of Marennes-Oléron 
does not seem to answer the problems easily. One of them could be the sediment, on which xenobiotics have the 
particularity yo adsorb on it (chapter 3.4.2.) It is the reason why a specifie study was planned to assess their 
potential toxicity, looking at the spatiotemporal evolution. The effect, or the potential toxicity is defined by the 
the rate of normal D larvae obtained by the embryonic development in contact with sediment gradient 

4.2.1.1 Spatiotempora/ evolution of the sediments' potential toxicity 

So as to see if there is an interaction between the sediment, its potential action, and the mortality, continuous 
sampling of sediment were done in May and June. End of June corresponding to the start of mortalities. By the 
way, in the laboratory sediment contact bioassays were performed to show the effects on the embryonic 
development of oysters. Graph 12 and 13 give the toxic effect of sediment conùng from two sites in the 
Marennes-Oléron basin at three dates. 

Potential toxicity of sediment on Crassostrea gigas 
PNA 

100 .--------------------------------------------------------. 

50 

0 

0 1 2 
Perquis June the 23rd 

Agnas tv1ay the 14th 

. 
L...\ 

--- ----
3 4 5 g of, dry s~imen!IL 

6. Hors site June the 23rd 
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Figure 12: Toxic effect of sediment tested in direct contact on the embryonic development of Crassostrea gigas. 
Sediment sampled in Marennes-Oléron basin ( Perquis & Agnas) the l41

h and 261
h of May and the 23'd ofJune. 

From graph 12, thanks to the equation of the evolution of the potential toxicity for each condition (linear 
regression), an index could be determined: the percentage of mortality for a sediment contact solution with a 
concentration of 5 dry grams of sediment per litre, concentration recommanded by Quiniou et Alzi eu ( 1999). 
Actually, in situ, it corresponds to the natural average concentration of suspended matter during tidal in the 
seawater. 
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Evolution of the potential toxicity of two sediments 
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Figure 13: Spatiotemporal evolution of the potential toxicity of the sediment in the Marennes-Oléron basin. 

The results show that for a concentration of 5 dry grams of sediment per litre, the two sediments are weakly taxie 
on the 141

h of May (25 % of abnormal D larvae). This toxicity increase with values of more than 50% of 
abnormal D larvae in the site of Perquis on the 26'h of May. In the 23'd of June, the potential toxicity of the site 
Perquis has decreased but remains potentially more taxie than in the 141

h of May (35% ofabnormal D larvae). 

On a second hand, the graph 13 which shows the potential toxicity of the sediment gives sorne new information. 
Although on the l41

h of May, the two sites induced the same effect on the embryonic development of oysters, in 
the following weeks, whatever the period of time, the sediment from the experimental study site "Dynamor" of 
Perquis leads to a bigger effect on the embryonic development of oysters. This sediment is potentially more taxie 
than the sediment of Agnas along June. 
Graph 12 show as well the temporal evolution of the potential toxicity of the sediment from Perquis as its 
deterrnined EC50 on embryonic development of oyster. 

Temporal evolution of the potential toxicity of Perquis 
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Figure 14: Abnormalities (PNA) observed thanks to the bioassay of embryo-toxicity on oysters Crassostrea 
gigas, with a solution of sediment from the bassin of Marennes-Oléron (Perquis) sampled at three dates (141

h and 
261

h May & 23rrl June). The index COlTesponds to a concentration of 5 dry g of sediment per litre. The EC50 is 
obtained by linear regression. 
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From figure 14, it is possible to rcad in another \Vay the informations. Firstly concerning the temporal evolution 
of the potential toxicity of the sediment. In the end of May, in less than 15 days, the ECsoofthe sediment Perquis 
dccreased frOI11 lOto 4 dry gram pel' litre, the sediment became twice more toxie. Secondly in June its ECso 
increased but kept lower than in the middle of May. By looking at the index, the same observation is made, the 
PNA rcach its maximum in the end of May following a big increase on the previous week . 
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4.2.1.2 Element of the mortality explanation. 

On the Défi MOREST, a continuai following of the mortality of the oysters in situ is performed on the 
experimental study site Perquis (see the following graphies of the different livestock mortality per day during a 4 
months period ). 
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Figure 15 : Representation of the percentage of mortality per day on the period going from 12'h March to the 2"d 
July in the basin of Marennes-Oléron. (4 oysters livestock and 2 environmental conditions). (Soletchnick, 
persona! communication- MOREST data laboratory LCPC La Tremblade, 2003) 

Among ali the causes that play a role in the mortality of the oyster Crassostrea gigas, the toxicity of the 
sediment could appear as a possible actor of disturbance. ln the end of May, a sudden increase of the potential 
toxicity of the sediment was observed. 

The facts are the following: 

~ During the spraying in April and May (chapter 3.2.2.), thanks to therain and the runoff, by leaching and 
lixiviation, the pesticides and the ether pollutants are back in the downstream after few weeks, in May 
and June .. 

~ As described in chapter 3.6., the results of bioassays performed with river waters show that 
abnormalities are higher in the end of May and the beginning of June, than in April. 

~ An increase of the potential toxicity of the sediment occurs in the end of May to finally drop in the 
current month of June (figure 15). 

~ The maximum of mortality occurs just after the pesticides sprreading, when freshwater and sediment 
show the maximum potential toxicity. 

As soon as the pesticides are adsorbed on the sediments or on suspended matter, they are carried to the estuary. 
They become bioavailable and will cause trouble to oysters altough they are low bioaccumulable (chapter 3.3.). 
The energy spent to face pesticides stress during the ripeness may reduce the sum of energy allocated for the 
growth, the feeding and the pathogens protection. This could induce its death. 

Thus without making a direct correlation between the two following events, pesticides pollution in April and the 
oysters mortality in June, it could be supposed that the sediment in suspension that may adsorbed a lot of 
xenobiotics from the upstrearn, is a potential source of toxicity for oysters and be a possible cause of oyster 
mortalities in the Marennes-Oléron basin. 
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4.2.2 In situ oysters from the bassin of Marennes-Oléron. 

On this experiment, the principal objective is to observe the difference in offspring quality from oysters 
production growing at 15 and 70 cm above the sediment of the Marennes-Oléron basin. The effect is determined 
by its capacity to produce normal D larvae by the measurement of their sensitivity to CuS04. Thus, three living 
oyster livestock samples are tested: NAT15, NAT7o and TOP70 (chapter 3.3.) 

With the results, three parameters will try to explain the difference of effect, the proximity of the sediment on 
oysters and then the livestock feature. These parameters are: 

}> The capacity of oysters to produce normal D larvae in reference seawater. 
}> The sensitivity to CuS04 to the embryonic development. 
}> The difference ofEC50 between the two oysters living conditions or two livestock. 

The tests with gradient concentration of CuS04 on the embryottic development are performed either using a 
fertilisation on different couples of oysters, or by testing the effect on pools offew males and females. 

4.2.2.1 Effect of the sediment proximity on the capacity of oysters to produce normal D 
larvae. 

The year 2003 being a particulary warm year for the seawater, a lot of the oysters intend to the bioassays have 
started to spaw before the experiment week. Thus the bioassay performed on oysters for the comparison NAT15 

and NAT 70 is only done on pools of a small number of animais. For the performance of the pools, the following 
number of parents are: 

}> NAT15 1ivestock (2 females and 3 males) 
}> NAT70 livestock (2 females and 2 males) 

Pools are the result of the in vitro fertilisation of gametes provided by a few males and females. The interest of 
pools is to compare, for the two environmental living condition, not only the response of larvae fertlised by one 
couple, but the larvae produced by a few males and females. lt corresponds to the closest response of what 
happens really in situ. 

Figure 14 is a representation of the larval sensitivity to the reference toxic, CuS04 . lt will allow cornparing the 
offspring quality of each livestock. 

Sensitivity to CuS04 at two different living conditions 

• 
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+ Pool NAT 70 A Pool NAT 15 - Linéaire (Pool NAT 70) Linéaire (Pool NAT 15) 

Figure 16: Representation of the sensitivity of larvae to CuS04 Bioassays on the oyster embryonic development 
larvae Crassostrea gigas provided from the in situ (Marennes-Oléron basin). Livestock of 18 months o1d is 
studied: NAT: oysters from the natural spat, dip1oidic. Two environmental conditions are represented: 15 and 70 
cm above the sediment. Results expressed in PBA. 

26 



From the previous graphie and thanks to the equation of the response on the sensitivity of larvae to a gradient of 
CuS04 concentration, the EC50 are determined. They are shown in the following table. 

Table X: Response of the control and EC50 ()lg CuS04 /L) obtained thanks to the bio-assay of embryo-toxicity on 
oyster Crassostrea gigas, from Marennes-Oléron (Perquis) sampled on the 151

h of July 2003. 

Living conditions Pool NAT15 Pool NAT70 

ECso-24h (J.lg CuS04 /L) 2.62 14.4 
PBA in the RSW 43 27 
% normal D larvae 57 73 

First, the interesting parameter that could be focused on is the capacity of the oysters to produce normal D-larvae 
in reference seawater. The livestock NAT 15 is only able to produce 57 % of normal D-larvae whereas the 
livestock NAT70 produces 73 %. 

The response to CuS04, the second parameter observed, does not show big difference of behaviour, a part from 
the fact that when the concentration increases, the deviation between the two conditions has a tendency to be 
reduced. 
The EC50_24h for the pool NAT 70 is 14.4 )lg CuS04/L whereas the EC50 for the pool NAT1 5 is 2.6 J.lg CuS04 /L. 
By looking at the EC50 of the two livestock to CuS04, it shows that the livestock living on the growing tables 70 
cm above the sediment is Jess sensitive than the one at 15 cm above the sediment. Nevertheless, the two 
livestock have a EC50 1argely lower than a normal response of oyster to CuS04 (see chapter 4.3.3.) 

To conclude, by looking at the three parameters studied: the closest the oysters are to the sediment, the most 
sensitive to CuS04 are their D 1arvae. This result again seems to underline the fact that the sediment is 
potentially taxie. By conclusion the proximity of the organisms to the sediment plays a role on the quality of 
gamet and on the capacity of oysters to produce normal D larvae. 
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4.2.2.2 Comparison of the capacity of oysters NAT and TOP to produce normal D larvae. 

For this comparison, the best choice is to compare the results from the couples NAT 70 and TOP 70. They have 
both grown on a table at 70 cm above the sediment. During the performing of the ex periment, the livestock TOP 
was already ripe for a while, so that the oysters had almost ali spawn. This induces that only one female and 
three males were used. Thus, it has not been possible to performed pools as it had been done with the NAT 
livestock. That is wh y in this comparison, the response of embryonic development to CuS04 is made on couples, 
the PBA is the average of the whole response of the couples for each livestock. 

PBA Sensitivity of two live stock to CuS04 

0+-------.-------.-------.-------.-------.-------.-----~ 

0 10 20 30 40 
Concentration ln g/L 

50 60 7 

-a-Couple NAT70 ~Couple TOP 70 

Figure 17: Representation of the sensitivity of larvae to CuS04• Bioassays on the oyster embryonic development 
larvae Crass~strea gigas growing on "Dynamor" experimental study site (Marennes-Oléron Basin). Livestock of 
18 months old is studied: NAT: oysters from natural spat, diploidic. TOP: oysters genetically selected, 
considered as resistant. Results expressed as PBA. 

From the previous graphie and thanks to the data of the response on the sensitivity of larvae to a gradient of 
CuS04 concentration, the EC50 were determined using the probit method (Software EPA Probit Analysis 
Program-version 1.5). 

Table XI: Response of the control and EC50 (J.Lg CuS04 /L) obtained thanks to the bioassay of embryo-toxicity on 
oysters Crassostrea gigas, from Marennes-Oléron (Perquis) sampled in 15th July 2003. 

Living conditions Cozple TOP7o Pool NAT7o 
ECso (1-12 CuS04/L) 38 [ 34.8-40.1] -
PBA in the RSW 6 [3-9] 54 [48-60] 
% of normal D larvae 94 [91-97] 46 [40-52] 

Regarding to the percentage of normal D larvae, the livestock TOP is able to produce in reference seawater 94% 
of D larvae whereas the livestock NAT only produced 46 %of it. 
On a second hand, the behaviour of the response to CuS04 is completly different between the two livestock. 
Indeed, the TOP response is al most stable up to a concentration of 20 J.Lg/L whereas at that same concentration, 
the NAT response has started to increase. Furthermore, the threshold of the whole abnormal effect is reached 
only at 80 Jlg/L for the TOP, whereas for the NAT this leve! is obtained at a concentration much lower, 60Jlg/L. 
Finally the EC50 for the couple TOP 70 is 38 Jlg CuS04 /L which corresponds to a normal sensivity to CuS04 

(EC50 = 34.88 Jlg ofCuS04 per litre(+/- 6.07) ( Quiniou et a/.,1999). By contrary, the ECso for the couple NAT 
is not possible to determine due to the fact that the control itself goes over the threshold of 50% of abnormality. 
On conclusion, the response to CuS04 of TOP is comparable to a waited response, obtained with ripe oysters 
from hatchery. On contrary, NAT are really sensitive to CuS04 and a fertilisation in reference seawater does 
provide less than 50 % of efficiency. 
TOP are more resistant to CuS04 than oysters from the natural spat and the effects on the embryo-larvae 
development check the hypothesis advanced in chapter 2.2.1., the mode! of mortality gradient. Finally, in a 
particular environment TOP will produce more normal D larvae than NAT. This implies that TOP is less 
sensitive to environmental features. Experimentally, it is confirmed, 5% of the total livestock TOP70 is died 
whereas 10% ofNAT70 is died (see annex 3). (Soletclmick, persona! communication- Data MOREST) 
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4.2.3 Effect of pesticides on oysters. 

ln the previous part, two main fields of research have been focused on. At first, the potential toxicity of the 
sediments on the embryonic development of oyster has been demonstrated. This has induced on a second part to 
see if the oysters from the experimental study site "Dynamor", in permanent contact with suspended sediment, 
were reached by contaminants: a study of their capacity to produce viable offspring, and response of the 
embryonic development in a toxicant reference solution. At !east, the last experiment turned on the study effect 
of severa! pesticides on Crassostrea gigas bioassays. 
The eight chosen pesticides studied in the chapter 3 were the most observed substances in the ri vers of Charente­
Maritime. That is why, in this experiment, although the effect-response of each pesticide on oysters' larvae was 
studied, the effect of a mixing of ali of those pesticides is also an axis of research. Therefore, a mixing of the 
eight pesticides together has been tested at concentrations met in the envirorunent : 

};> Carbaryl : 0.2 IJ.g/L 
};> Alachlore, Fosétyl-Al, Glyphosate and Métolachlore : 2 IJ.g/L 
};> Diuron : 4 !J.g/L 
};> Atrazine and Terbuthylazine : 6 !J.g/L 

PNA Sensitivity of the oysters' larvae to several 
esticides 50 ...-------------'.___--------, 

40 +--·-----• 

10 +-----

--..! Alachlore 

-o- Atrazine 

o- Carbaryl 

-e- Diuron 

-e- Fosetyi-AI 

Glyphosate 

-<>- Métolachlore 

-e- Terbuthylazine 

1 00 1lo -+- Mixing 
----------------~ 

0 ~~~ 

-10 0~.....__ ___ 1 ____ 1_0 
Concentration (tJg/L) 

Figure 18: Representation of the sensitivity of larvae to pesticides concentration gradient. Bioassays on the 
oyster embryonic development Crassostrea gigas. The mixing is composed of the eight pesticides at different 
concentration: terbuthylazine and atrazine (6 IJ.g/1), diuron (41J.gll), metolachlore (0.21J.gll), the others (21J.gll). 
Nominal concentrations. Results expresses as PNA. 

lt has to be noticed that ali the concentrations which appear in the previous graphies are nominal concentrations. 
Only a quantity determination will allow later on, to know the real concentrations tested. 

4.2.3. 1 Toxic effect of the eight pesticides 

The results obtained thanks to the bioassay of the embryonic development could be compared with the 
bibliography datas on the EC5048h ofthose same pesticides on the fresh water crustacean Daphnia magna. 

Table XII: Comparison for the eight pesticides studied of the CE5048h Daphnia magna and the PNA at 1 mg!L 
b . d th k h b' fth b . d 1 f h '1 c t . o tame an s tot e 1oassay_ o eem>ryomc eve opment o t e ~sters arvae rassos rea gzgas. 

ECso-4Sh D.m. (mg/L) ECso-24h C.g .. (mg/L) PNA on C._g. at 1n~L 
Alachlore 0.05 >1 8 
Atrazine 3.6 > 1 3 
Carbaryl 0.0064 >1 13 
Diuron 1.4 >1 8 
Fosetyl-Al 37 >1 35 
Glyphosate 40 >1 1 
Métolachlore 25.1 > 1 18 
Terbuthylazine - > 1 6 
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The PNA observcd in graph 18 show that at 1 jlg/L, few substances as Alachlore, Carbaryl, Fosetyl-AI and 
Glyphosate, have more D-larvae than in the control group. At a concentration of 10 jlg/L, Atrazine, Fosetyl-Al 
and Métolachlore induce the most of effect (5 % of abnormal D larvae) among ali the pesticides. At 100 jlg/L, it 
exists a start of significant effect, 10 % of abnonnallarvae, for two pesticides, Fosetyl-Al and terbuthylazine. At 
1,000 jlg/L, three pesticides are noticeable, Carbaryl and Métolach!ore with around 15 % of abnonnal D Jarvae 
and Fosetyl-Al with a higher effect of 35 %of abnormal D-Larvae. 
Table XII makes a comparison of the EC50 on the crustacean Daphnia magna and the EC50 of Crassostrea gigas. 
The EC50 measured on Daphnia magna are upper than one miligram of pesticides per litre except for Alachlore ( 
50 jlg/L) and Carbaryl (6.4 jlg/L). 
On conclusion, only three of the eight pesticides induce a toxic effect at the highest concentration tested: 
Carbaryl ( 13 %), Metolachlore (18 %) and Fosetyi-Al (32%) at 1 mg/L Not any effect is observed for each 
pesticides at concentrations met in the environment, these concentrations are all less than 6 jlg/L. 

Finally, after being adsorbed on sediment or on suspended matter, pesticides are carried in the run-off, the 
concentrations go down due to the dilution in the estuary area. Either it is transformed in another underproducts 
or it is bioaccumulated. 

Thus not any conclusion could be drawn of the only effect of each pesticide on the embryonic development, 
moreover as the concentrations of 1 mg/Lof a pesticides has never been measured in the environment (see table 
8, chapter 3 .2.). lt is obvious that is more interesting to foc us on the effect of the mixing of pesticides. 

4.2.3.2 Toxic effect of the mixing of pesticides. 

The interest of this experiment is to measured the etfect of a soap of pesticides: this will allow the best 
representation of what happens in the environment. In fact pesticides and others pollutants are never back in the 
river alone, their behaviour and action depend of the other xenobiotics that coexist with them in the aquatic 
envirorunent. 

Figure 18 show that the mixing of pesticides indu ce 35 % of abnormalities, whereas the concentrations of each 
pesticides are ali lower than 6 jlg/L. This percentage of abnormalities corresponds to the same rate of 
abnonnality induce by Fosetyl-Al tested alone at a concentration of l mg/L, whereas in the mixing, its 
concentration is only 2 jlg/L. 

Regarding to the effect of each pesticide tested alone at the concentrations used in the mixing, there is not any 
effect observed, th us th cre is a synergism of the pesticides wh en the re are together in solution. 

In other words, the addition of the substances could act as a pollution for the oyster, there is a synergism 
between the different pesticides, and even at low concentration, it could affect the oysters and their offspring. 
Although, pesticides leads to effect on oysters, the concentration determination of it on the water and the 
sediment in the basin of Marennes-Oléron is not yet clone. So it is thus not possible to conclude on the direct 
responsibility ofthose xenobiotics to the oysters' mottality. Analys is of the sediment and the seawater have to be 
perfonned, to con finn or not the presence of pesticides. 
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5 REMEDIA TIONS 

The pesticides are taxie substances that present more risks when they are nOl used with care, nOL only for the 
envirollmenl but also for the liser. The respect of few rules contributes ta reducillg their impact on the 
environment 

1. Have a good reading of the label and the indications for the pesticides' lise. The label is really 
important and provides ail the information neeessary for the environment protection. 

2. Ta know the possible impact of pesticides on fauna, fish, birds, and in Ù1C floTa ofrivers and lakes. 
3. Ta lower the dispersion of pesticides and ta respect the designated buffer areas. 
4. Ta avoid the mixing and the manipulation of pesticides close ta the water point. 
5. Ta not clean equipment used for the applications of pesticides near wells or water points. 
6. Ta clean the small areas where pesticides were accidentally discharged. 
7. Ta ensure a non-de li very mechanism installed on the pllmp that takes the water directly on the device 

used for the mixing or the application of pesticides. 
8. Ta choose a pesticide or a preparation that presents the least risk as possible for fish, crustacean and 

animais, especiallY when the application should take place near a habitat. 
9. Ta choose a pesticide or a preparation that presents the least risk ta be leached ta the aquifer. 

ln that respect, a Best Management Practice (BMP's) Iike those previous rules must be designed ta remediate 
diffuse pollution in agricultural storm cvcnts. NOl only must total storm pesticides loading 10 aquatic ecosystcms 
be reduced, but also the transient pesticides peaks occurring within the rain storm. 

Until now, in the rural environmcnr the ban of chlorinated hydrocarbons for use as agricultural pesticides and 
thcir replacement by products that are degradable in the soil has been a major improvement. However, in France 
the list of the authorised product'S is composed of no more lhan 900 pesticides or ilS derivatives, whereas in 
comparison, in the Netherlands this same Iist of authorised products does not go over the threshold of 250 
pesticides. 

New way of thinking have ta be communicated as it was the case with the exemple of "ferti mieux" for nitrates 
and phosphates. The organic farming should be prefered than the intensive agriculture and the farmer have ta be 
more conscient of the impact to the envirorunent orthe active substances thal they use 

31 



• 

6 CONCLUSIONS AND RECOMMENDATIONS 

The implementation of a continuous follow-up of the toxici ty of the rivers from the north of the Marennes­
Oléron basin has allowed understanding one of the sources and the frequency of pollution. lt has shown that 
during the past four years there has been a tendency of an increase of the potential toxicity of water-rivers in the 
end of May and the beginning of June. The bioassay performed thanks to the oyster Crassostrea gigas conti rm 
it. On ll'h of June 2001 , the points ofsampled site Brouage, Montportail and Beaugeay localised on small canals 
which discharge direct! y in the basin of Marennes-Oléron, were toxic. lndeed, the sampling of river water leads 
to 100% of abnormality for those three sites. It is interesting to see thar there is a source of potential toxicity 
coming from those small canals, moreover that those waters have an effect on the oysters embryonic 
development. The oyster farrners must be informed that when the rain is important, there is risk of carrying of 
xenobiotics to their oyster parks by water influent or due to atmospheric transport by good weather. 

In the study it has been demonstrated that the sediment plays a role in oysters mortality. During its carrying from 
the rivers to the coastline, the sediment has adsorbed xenobiotics and arrives in the Marennes-Oléron basin near 
the oyster farming site. Arnong the experiment performed in the laboratory, it has been shown that the sediment 
reveals a potential toxicity which increases in the end of May, 57.5 % of abnormality on the bioassay of oyster 
development. The following month corresponds to the beginning of mortality. Thus the stress induced by the 
pollutants on the oysters just before the beginning of the reproduction period, draws on its energetic reserve. 
Then the !east xenobiotics added by the sediment in suspension during tide make theoyster becoming more and 
more sensitive inducing death. 

The fondamental objective of the study was to perform a comparison of the behaviour of oysters living in two 
different environments and from two different livestock. Jt has been demonstrated that the sensitivity of the 
oysters from two different livestock is not equal. Genetic parameters have to be taken into account. Thus, in 
order to help oyster farmers to fight against mortal ity, livestock more resistant could be introduced so as to 
defend themselves from pollution. Like this the farmers would have Jess !osses, but the bioaccumulation of 
pollutants into oysters would still have to be followed for the protection of the consumers. 

Finally, it has been shown that the oysters living on growing tables at 15 cm above the sediment are more 
sensitive when the sediment is in suspension, than the oysters at 70 cm above the sediment. Furthermore, the 
follow-up of the mortality on the experimental study site "Dynamor" has shown the fact that the mortality is 
higher on growing tables at 15 cm above the sediment. It is obvious that the oyster farrners have to be informed 
of that fact so as to reduce their !osses. The sediment is a source of pollution, carries xenobiotics due to 
adsorption but could especially remove it to the environrnent. 

One of the possible xenobiotics that could influence the mortality of oysters are pesticides. The period of 
maximale spreading, from March to May for al most ali the substances, corresponds to the problem of pollution 
encountered by the oyster farmers and indeed the mortality appears in June. Although, the concentrations found 
downstream in the rivers have been diluted since their spreading, 3,200 Kg used in the department per year, it 
has been analysed in laboratory concentrations of pesticides not going up to 0.43 J.Lg/L. At this concentration, the 
impact of the eight pesticides tested alone on Crassas/rea gigas is not harmful. The problem is the addition of 
substances in the same environment which leads to a synergism of the effect. Thus on the oysters bioassay 
performed with a mixing of pesticides, 35 % of abnom1ality is observed for concentrations of pesticides that 
looks like of the reality of the ri vers environment. This seems to be upsetting, because 142 active substances as 
pesticides were found in the rivers of Charente-Maritime in 1997. Furthermore, in October 2003 I' IFEN 
published its annual report conceming the observation of the rivers in France and declared that 73 % of the 
followed ri vers are contaminated by pesticides. The European Union has just decided to forbid the sales of 250 
molecules in the coming years, but still 900 of them are used in France in the agriculture and by others activities. 
Actions like the Best Management practices and the respect of the elementary rules of pesticides manipulation 
could allow a reduction of that po llution. 

The problem of the coexistence of the agriculture and the oyster farming in the same area has allowed to alarm 
the principal socio-economic actors of the departmcnt of Charente-Maritime. The implementation of the 
challenge MO REST is the first step thar will a llow finding answers conceming the problem of oysters morta li ty. 
It is to be expected now that it will be followed by regulations and actions for ali the farmers of the coastline 
arca. 
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ANNEX 1 : Physical , chemical and ecotoxicological 
parameters and of the studied pesticides . 

Alachlore Références 

Biologie activity herbicide Agritox fNRA 
CAS number 15972-60-8 Agritox fNRA 
Formula C,4H2oCIN02 Agritox fNRA 
Synonymes sevin Agritox INRA 
Molecular mass 269.77 g.mol"' Ag_ritox INRA 
Physical and chemical pa rameter s 
Boiling point 

Koc 170 cmJ/g Andral, 1996 
Henry's constant PM96 
Hydrosolubility at 20°C 240 mg/L Andral, 1996 
Coefficient of partition K..w 1.59 Agritox INRA 
Halflife 16.5 Days at 25 °C pH= 7 Agritox fNRA 
Bein2 in the environment 
Spreading period March to May FREDON Poitou-Charentes 
Concentration max find 0.76 J..Lg/L (05/01, le Né) FREDON Poitou-Charentes 
Ecotox.icology 
CE50 Daphnia magna 48H 6.4 llg/1 Agritox INRA 
CEbso : Selenastrum capricornutum 0.06 mg/1 Agritox INRA 
CEbso : Scenedesmus subspicatus 0.4 mg/1 Agritox INRA 
Acceptable daily intake 0.008mg/kg/d OMS 

Atrazine Sources 

Biologie activity herbicide Novartis Agro SA 
CAS number 1912-24-9 Novartis Agro SA 
Formula CsH14CINs Novartis Agro SA 
Synonymes Novartis Agro SA 
Molecular mass 215.69 g.mor' Novartis Agro SA 
Physical and chemical parameters 
Boiling point 

Koc 100 cmJ.g·• Andral, 1996 
Henry's constant 2.6 1 O-'~ Pa.mj .mor' Ciba Geigy AG 
Hydrosolubility at 20°C 33 mg/1 Ciba Geigy AG 
Coefficient of partition K..w 2.75 Ciba Geigy AG 
Halflife 86 da ys at pH=5 Ci ba Geigy_ AG 
Being in the environ ment 
Spreading period Forbidden since 97 FREDON Poitou-Charentes 
Concentration max find 0.64 J..Lg/L (05/01 , le Né) FREDON Poitou-Charentes 
Ecotoxicology 
CE 50 Daphnia magna 48H 6.9 mg/1 exp: 48 h Ciba Geigy AG 
CEbso : Selenastrum capricornutum 0.13 mg/1 exp : 96H Ciba Geigy AG 
CEbso : Scenedesmus subspicatus 0.043 mg/1 exp : 72 h Ciba Geigy AG 
Acceptable daily intake 0.04mg/kg/d Conunission des Toxiques 



ANNEX 1 Continuation 

Carbaryl Sources 

Biologie activity insecticide Rhone Poulenc Agrochimie 
CAS number 63-25-2 RJ10ne Poulenc Agrochimie 
Formula Ct2HII N 0 2 R110ne Poulenc Agrochimie 
Synonymes Cristalised solid Rhone Poulenc Agrochimie 
Molecular mass 201.23 Rhone Poulenc Agrochimie 
Physical and chemical parameters 
Boiling point 142°C Sevin 

Koc 300 cmj/g PM 96 
Henry's constant 
Hydrosolubility at 20°C 40 mg/L Rhone Poulenc Agrochimie 
Coefficient of partition Kow 1.59 Rhone Poulenc Agrochimie 
Halflife 16.5 days at 25 °C and pH 7 Rhone Poulenc Agrochimie 
Being in the environment 
Spreading period April and May FREDON Poitou-Charentes 
Concentration max find 
Ecotoxicology 
CEso Daphnia magna 48H 5.6 llg/1 Rhone Poulenc Agrochimie 
CEbso : Selenastrum capricornutum 0.008mg/kg/j Comission des toxiques 
CEbso : Scenedesmus subspicatus 
Acceptable daily intake 

Diuron Sources 

Biologie activity herbicide Du Pont De Nemours France 
CAS number 330-54-1 Du Pont De Nemours France 
Fonnula 4HtoChN20 Du Pont De Nemours France 
Synonymes Cristalised solid 
Molecular mass 233.1 g.mor Du Pont De Nemours France 
Physical and chemical para meters 
Boiling point 180-I90°C Krovar*I 

Koc 480 cmJ/g Andral, 1996 
Hcnry's constant 5. 1* 10-~ Pa.mJ.mor1 Andral, 1996 
Hydrosolubility at 20°C 42 mg/1 Andral, 1996 
Coefficient of partition Kow Log P = 2.85 Du Pont De Nemours France 
Halflife >500 da ys stable at pH from 5 to 9 Du Pont De Nemours France 
Being in the environment 
Spreading period January to July FREDON Poitou-Charentes 
Concentration max find 0.66 J.lg/L(05/0 1, Charente aval) FREDON Poitou-Charentes 
Ecotoxicology 
CEso Daphnia magna 48H 1 .4 mg/1 exp : 48 h Du Pont De Nemours France 
CEbso : Se/enastnun capricornutum 
CEbso : Scenedesmus subspicatus 3.3 ).lg/1 exp : 96 h Du Pont De Nemours France 
Acceptable daily intake 0.0015 mg/kg/d Commission des Toxiques 



ANNEX 1 Continuation 

Glyphosate Sources 

Biologie activity herbicide Agritox INRA (UE) 
CAS number 1071-83-6 Agritox INRA (UE) 
Formula C3 Hs NOs P Agritox INRA (UE) 
Synonymes 
Molecula r mass 169.08 g.mor' Agritox INRA (UE) 
Physical and chemical pa r a meter s 
Boiling point 

Kac 24000 cmJ/g Agritox INRA (UE) 
Henry's constant 
Hydrosolubility at 20°C 10.5 g/1 au pH de 2 Agritox INRA (UE) 
Coefficient of partition Kow 3.2 Agritox INRA (UE) 
Halflife >30 j ours au p H de 5 à 9 Agritox INRA (UE) 
Bein2 in the environment Agritox INRA (UE) 
Spreading period March to december FREDON Poitou-Charentes 
Concentration max find FREDON Poitou-Charentes 
Ecotoxicology 0.65 ~2/L (05/01, le Né) 
CEso Daphnia magna 48H 37 mg/1 Agritox INRA 
CEbso : Se/enastrum capricornutum 0.64 mg/1 Agritox INRA 
CEbso : Scenedesmus subspicatus 0.4 mg/1 Agritox INRA 
Acceptable daily intake 0.3mglkg/d UE 

fosetyl-al Sources 

Biologie activity fungicide Agritox INRA ( Rhône poulenc) 
CAS number 39148-24-8 Agritox INRA ( Rhône poulenc) 
Formula C6 H1 s Al 0 9 P3 Agritox INRA (Rhône poulenc) 
Synonymes 
Molecular mass 354. 1 g.mol' 1 Agritox INRA (Rhône poulenc) 
Physical and chemical par a meter s 
Boiling point 

Kac 20 cm,/g Agritox INRA (Rhône poulenc) 
Henry's constant 
Hydrosolubility at 20°C 109.8 g/1 at pH 8.6 Agritox INRA (Rhône poulencl 
Coefficient of partition Kow 2.1 1 à 22 oc at pH 6 Agritox INRA (Rhône poulenc) 
Halflife >30 days at pH from 5 to 9 
Be in2 in the environment Agritox INRA ( Rhône poulenc) 
Spreading period Fcbruary to september Agritox INRA (Rhône poulenc) 
Concentration max find 
Ecotoxicology FREDON Poitou-Charentes 
CE50 Daphnia magna 48H 40 mg/1 Agritox INRA 
CEbso : Se/enastmm capricornutum 0 .64 mg/! Agritox INRA 
CEbso : Scenedesmus subspicatus 0.4 mg/1 Agritox INRA 
Acceptable daily intakc 2.98mg/kg/ j Comission des toxiques 



ANNEX 1 Continuation 

Métolachlore Sources 

Biologie activity Herbicide Agritox INRA 
CAS number 51218-45-2 Agritox INRA 
Formula C1sHnCIN02 Agritox INRA 
~ynonymes metetilachlore Agritox INRA 
Molecular mass 283.8 g.mor Agritox fNRA 
Pbysical and chemical parameters 
Boiling point 
K,c 1700 cm3/g 
Henry's constant 9.1 * 1 O-'~ Pa. mj.mor Andral, 1996 
Hydrosolubility at 20°C 530 mg/L 
Coefficient of partition K,w 3.45 Andral, 1996 
Halflife 90 days Andral, 1996 
Being in the environment 
Spreading period March to june FREDON Poitou-Charentes 
Concentration max find 0.64 J..lg/L (05/0 1, la Seugne) FREDON Poitou-Charentes 

Ecotoxicology 
CE50 Daphnia maRna 48H 25. 1 mg/! Agritox fNRA 
CEbso : Selenaslntm capricornutum 0.06 mg/1 Agritox INRA 
CEbso : Scenedesmus subspicatus 0.4 mg/! Agritox fNRA 
Acceptable daily intake 0.026 mg/kg/d OMS 

Terbuthylazine Sources 

Biologie activity herbicide Ciba Geigy AG 
CAS number 5915-41-3 Ciba Geigy AG 
Formula C9H16CINs Ciba Geigy AG 
~ynonymes 

Molecular mass 229.72 g.mor Ciba Geigy AG 
Pbysical and chemical parameters 
Boiling point 

Koc 828 cm3/g Ciba Gcigy AG 
Henry' s constant 4 .1 * 1 o·3 Pa.m3.mor1 Andral, 1996 
Hydrosolubility at 20°C 8.5 mg/1 at 20 °C 
Coefficient of partition K,w 3.2 Ciba Geigy AG 
Halflife 70 days Andral , 1996 
Being in the environment 
Spreading period FREDON Poitou-Charentes 
Concentration max find 0.53 J..lg/L (05/0 1, la Charente) FREDON Poitou-Charentes 

Ecotoxicology 
CE50 Daphnia magna 48H 3.8 mg/1 Agritox INRA 
CEbso : Selenastnnn capricomutum 0.06 mg/1 Agritox INRA 
CEbso : Scenedesmus subspicatus 0.4 mg/1 Agritox INRA 
Acceptable daily intake 0.008mg/kg/j OMS 
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ANNEX 2 ·BIVALVE EMBRYONIC I:>EVELOPMENT 

Ripe oystcrs 

SA TMAR ha tc hery 
(Société Atlantique de 

Mariculture) 

Barfleur. 50 Manche 

to 9 weeks with large feeding and temperatur 
increased progressively until 20°C 

TRANSPORT 

Reception and storing in tanks of seawater for the removal of the feces 

Brushing and rinse of the oysters to remove sedimentary deposit and the epiflaura 
And to stimulate the the gamets emission by mechanical stress 

Female selection 

30 min alternated baths 

at 29°C and then at 14°C 

-
selection 

;,::---- 1 f-----1 
(in RSW) ~ 

isolation 
1 (in a dry place) 

rinse (twice minimum) r PARENTS SELECTI~ 
..__ __ _,1 Sieve (100 ~) sieve (32 ~)1 ,_ __ ___, 

Add of sperm so as to obtain a 
max of 10 spermatozoom per 

ovocytes 

homogenization and 
enumeration 
(average of 3 counting of 20JA_) 

inoculation of the 
eggs in the tested medium 

(around 20,000 offspring by litre) 

Dense perme 
and mobile 

Tested medium : 30 mL 
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Annex 3 :Cumulative mortalities of oysters between the 
20th of March and the 26th of June 
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