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Abstract

Chlordecone is a very persistent insecticide usdzhnana plantations of French West Indies between
1972 and 1993. Chlordecone residues were foundhlamd water, in agricultural and freshwater
products, and in marine organisms. This pollutias hecome of great concern in 2007. Therefore, a
national action Plan was launched to better agbespollution and to improve consumer protection.
Within this plan, 1048 samples from 69 differenedes of marine fishes and crustaceans were
collected all around both the Guadeloupe and thetiMgue Islands and analyzed. The results
confirm the presence of chlordecone in marine dsgas, with highly variable concentrations (from
the detection limit to 1000 pg.Ry In 17.9 % of the samples, concentrations exad@0aug.kd, the
maximum acceptable level in fish according to thenEh regulation (Anon, 2008). Two main features
of this contamination were characterized. 1) Beeaighe sedimentation of contaminated suspended
soil particles, the sheltered bays are more expdsedhlordecone than the open coast where
terrigenous flux are dispersed. 2) Species biolgmyticularly their lifestyle and diet, appear to
influence contamination levels. Thus, the more aomhated species live in relation with sediment or
are at high trophic level. These results have tyresupported political decisions in order to pneve
too high exposure of consumers to chlordecone.igshctivities in sheltered bays have been
forbidden for potentially highly contaminated specilike benthic crustaceans and top predators.
Further studies are under way to assess the inmpertaf the trophic transport of chlordecone within
the foodweb, and to evaluate the historical dejwosivf this insecticide in sediment and its further
bioavailability.

Keywords. chlordecone (Kepone), French West Indies, fishmsistaceans, organochlorinated
contaminant, risk assessment, pollution management

I ntroduction

Chlordecone (also known as Kepone) is the actigams-chlorinated substance which had been
patented in 1952, and included in different pedadiormulations. Chlordecone {LCl;,O) has a very
low aqueous solubility and conversely a high hytiaypcity (log Kow = 4.5, UNEP, 2007). This
substance resists to chemical and biological degji@d processes. It has a high potential for
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bioaccumulation and biomagnification. Based orphigsico-chemical properties and modelling data,
it has been demonstrated that chlordecone camahsported for long distances (UNEP, 2007). For
these reasons, it is now included in the more tetieh of POPs according to the Stockholm
Convention lattp://chm.pops.inj/

Chlordecone is toxic to aquatic organisms, at the i Crustaceans are the more sensitive species
(UNEP, 2007). In small laboratory rodents, letlyalitccurs at exposure around 100mg.Kepdy
weight. The biological effects which have been yagbserved concern the reproductive system, the
nervous system, the hepatic functions and musddtesal disorders. In humans, similar effects have
been observed in professionally exposed workershwhiesent also high chlordecone concentrations
in blood. Chlordecone is an endocrine disruptor enélso classified as potentially carcinogen to
human (Group 2B). In France, a PTDI (Provisionnalefable Daily Intake) is fixed for chlordecone
at 0.5 pg .kg body .weight in the case of chronic exposure astiduld not exceed 10 pg kb.w.
(acute Reference Dose) in the case of accidenpalsexe (Afssa, 2005).

Historically, the first large accidental pollutitwy chlordecone in aquatic systems happened wain t
James River from a plant located in Hopewell, VAQA), which produced the molecule from 1966 to
1975 when the production was halted after healtbblpms were detected in workers. The
contamination of sediments and shellfish in themrigownstream the plant has been observed since
1967, very soon after the beginning of chlordecorasluction (Huggett and Bender 1980). The level
of contamination regarding human health was constle/orrying enough so as to close the fishing
activity in the river for 13 years. The recoveriofgthe river took about 30 years after the souifce o
contamination was removed (Luellenal. 2006). It should be noted that in the U.S. anthat time

the safety limit in fish was established at 300gg&esh weight.

The main islands of the French West Indies arathkipelago of Guadeloupe (1630 km? and 400000
inhab.) and the Martinique Island (1128 km2 and 430000 inhab.). Their tropical climate is suitabl
for banana culture, but the warm and wet weatheditions are also favourable for many various
pests that explain the important use of many bexidpproximately 180 tonnes of chlordecone have
been extensively used in various technical fornmeat in banana plantations, and probably in a few
other cultures, from 1972 to its ban in 1993, testle with the weevilCosmopolites sordidus
(Cabidoche et al. 2009; Le Déault and Proccaci@®R0bhis insecticide persists in soils for a long
time, and now important part of the soil surfacectntaminated. Approximately 8300 ha in
Guadeloupe and 10700 ha in Martinique are congidierde moderately or heavily contaminated by
chlordecone (Le Déault and Proccacia 2009), whegasent about 25 % of the land surface used for
agriculture in each island. The areas at risks resbanana culture is the main activity, are located
the South-West of Guadeloupe (Basse-Terre) arttkitNbrd-East of Martinique.

After rainy episodes, rain water washed out chloode from soil, to the surface waters (Catal.
2008) and then to the marine coastal waters. Taahgp the substance from soil plantations to the
sea, either dissolved or bound to soil particley beimportant and rapid because of the importance
and the violence of precipitations, because ohtbentainous relief and of the relative narrowndss o
the territory of the islands. It is hypothesizedttthe eroded contaminated material is transpdayed
rivers to the marine environment and settles dogbe seashore, particularly in sheltered baygrah

it becomes a source of contamination for marineuiggns, and a potential hazard to marine life and
finally to human health through seafood consumption

A few of the characteristics of the local situateme relevant to the impact of chlordecone on fighi
activities and seafood safety. First, the high g of fish of commercial interest: around West
Indies islands the fish fauna include many spebert 1989). Among the demersal species landed,
there is no predominant species. Indeed, aboutiétersal species are fished around the Martinique
island without one representing more than 5 % efléimdings (Gobert and Reynal, 2002). It means
that the sampling should cover many various spe@esondly, fish and seafood constitute an
important part of the human diet in Martinique @waadeloupe, around 55-110g.approximately 2-

3 times higher that mean consumption of the Frepmbulation of the mainland. (Dubuisson et al.
2007). Thirdly, a more or less undefined part & tonsumed seafood comes from local sources and
follow very short distribution channels that coglohtribute to excessive exposure of sub populations
to chlordecone.
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In the French West Indies, first concerns about pleesistence of chlordecone in the banana
plantations as well as its presence in the riverd #the wild fauna have been reported in 1977
(Snegaroff, 1977) and 1980 (Kermarrec, 1980). Tirst §tudies on contamination in marine fauna
were carried out in the early 2000s with systematrestigations on the coastal marine fauna around
Guadeloupe (Bouchon and Lemoine 2003, 2007); intiNgue, the studies focused on water and
sediment in river plumes along the coastline (Becguand Franco 2005) and on fishery species from
samples collected in harbours (Coat et al. 2006es€& studies confirmed the contamination of the
coastal marine system by chlordecone. The valuesraded in the marine species revealed a much
lower contamination in the marine environment thanthe freshwater ecosystem. Nevertheless
without any information related to the possibleesmsion of this contamination in the marine system.
The concentrations encountered in the marine speéisteugh these studies were generally under the
maximal value recommended at that time for marinedpcts by the French sanitary authorities
(200pg.kg" wet weight, Afssa 2005). At that time, two faatstjfied an increase of the research at
sea. One was that the first series of studies irareed; indeed, they might be considered mainlaas
warning on the possible extension of the contariwnah the marine system, but did not inform on the
extend of the contamination and on the factorsigain the contamination process. The second event
was the decision of the French food safety ageacytasy which drastically lowered the maximal
residue limit (MRL) to 20 pg.k§ (w.w.) in marine products for human consumptiorfiséa, 2008).
Furthermore, this pollution became of great condertime islands in 2007. Therefore a governmental
Action Plan was launched to better assess thetjpriland to ensure consumer’s protection. Within
this plan, various studies have been carried cutesR008 to characterize the marine fish fauna
contamination around the islands.

This communication reports on the work done to wmprthe knowledge on the contamination
distribution in the marine fishery species, and tlee&v measures taken by the French authorities to
prevent fish consumers from too high exposure tordacone. It is presented chronologically in two
parts, referring to the approach to the risk evtedneand to the chlordecone pollution management.

Action step 1 (2008-2009). Preliminary characterization of the contamination and first pollution
management decisions

In the same time, various research initiatives Hzen scheduled at Ifemer through an incitement by
the authorities in charge of environment and by Weterinary authorities through control and
monitoring plans. All these investigations focusexdhe contamination of the marine living resouyces
on the consequence of this contamination on fodetysaand on a potential social and economical
impacts of prevention measures. Very shortly, ff@rts of these bodies have been joined in a unique
strategy in order to improve our knowledge of tltamination and more precisely to get a better
coverage of the situation both in terms of spackdarbiological species.

Sampling strategy

The organisation of a sampling of marine fauna sthall geographical scale has to face with a lot of
difficulties. Some are related to the access tal wjpecimens of species more or less abundant and
scattered, others are linked to the very wide %ané species of interest in the area. The desfghe
sampling plan was based on two main hypotheses fifdieone was that the contamination of the
marine species might be related with the level aitamination of their biotope. The second one
considered that contamination of the individualgmibe related to their biology (lifestyle, feeding
habits, etc.), with previous evidence of a straglgtronship between contamination and feeding babit
( Connolly and Tonelli 1985).

At the beginning, in both islands the spatial desigas based on the definition of the water masses
established according to various criteria (morpbgloof the coast, sediment, hydrology,
hydrodynamical conditions) for the implementatiohtioe European Framework Water Directive
(Diren 2005; Paret@t al. 2007). The objective was to distribute the sampglgsitably within the
different areas, without prejudging on their poigntontamination. Concerning the extend of species
it was evident that only a part of the existing@es could be sampled. A typology of the species ha
been established, based on their feeding habitalic@tion of diet and trophic level), their mobilit
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scheme (sedentary against mobile and migrant), elsas their habitat, all this information being
collected from literature. Finally, four trophicays were defined their trophic level and their ndiét
type, detritivorous, herbivorous or carnivorous.

The fish specimens were collected by professidaaéfmen with appropriate technical guidelines and
each sampling position was reported. Finally, 10é&rent species were sampled in both islands in
2008 and 2009, with only very few specimen for sahthem. The table gives the distribution of the

samples collected according to their origin (zoras) to their trophic-feeding habit groupings.

Table 1: Distribution of the samples according the origin, the sampling period, the geogr aphical
zone and their feeding habit-trophic levels.
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Analytical techniques

Fish were wrapped in aluminium foil and kept in pldecezer. Fish samples to be analyzed for
chlordecone were prepared according to precisamemmdations (Afssa, 2007): composite samples
of fish flesh were prepared taking out the filldthwthe skin from at least 3 fish specimen havimg t
same characteristics (species, size and origidnThe meat that constituted the composite sample
was homogenized before analysis.

For the different surveys the analyses have bearn dothree laboratories and basically two methods
were applied. The protocols include the extractbrihe contaminants from the homogenized fish
tissue and a further clean up of the extract. és¢hanalytical methods, the instrumental detertoimat
step differs, either by GC-ECD (Gas Chromatographith Electron Capture Detection) with a
quantification limit at 5 ug.K§ (wet weight) for a sample amount of 2 g or by G®IS (Gas
chromatography and mass spectrometry). One otberdtory used HPLC-MS-MS detection (High
Pressure Liguid Chromatography and double masdrepestry detection) with a better specificity
and a lower quantification limit, below 0.5 pg'key.w.

Main results

The results of the investigations carried out i0&@onfirmed the presence of chlordecone in marine
organisms, with highly variable concentrations ifirbelow the quantification limit to 1000 pgkg
w.w.). In 17.9 % of the samples, concentrationseered 20 pg.kg the maximum residue level in
fish (Afssa, 2008). Two main features of this comteation were characterized.

1) Most of the highly contaminated fishes and @osans were caught in areas located close to
contaminated basins. More precisely, the specintiensy in sheltered bays (zones 1 and 5 in
Guadeloupe; zones 2 and 7 in Martinique) were ragp®sed to chlordecone than those living outside
where terrigenous flux are more dispersed. Thisbesen related to the sedimentation dynamics of
contaminated suspended soil particles. The relsaits shown that the spatial distribution according
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the WFD zonation was useful to guide the samplengaign around the islands, but it was not fully
appropriate to characterize the type of contanonmagncountered, particularly the type of bottom
(sandy/muddy). The use of precise individual positig of each sample was required.

2) The species biology, particularly their lifegtyland diet, appeared to strongly influence
contamination levels. Thus, the more contaminafeeties, detritic feeders and carnivorous, were
lived in relation with sediment or were at highphic level.
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Fig. 1. Main trends of the chlordecone contamination in the fished marine fauna from
Guadeloupe
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Fig. 2. Main trends of the chlordecone contamination in the fished marine fauna around
Martinique

Management decisions

All along the research process, a strong partnenshs maintained with the local authorities acting

within the chlordecone action plan (from veterinasgrvices, marine affairs, environmental

department) as well as with fishermen represemsatifregional fishery councils) through ad hoc

advisory committees. It allowed these stakeholdershare a same knowledge on the research
progress and to give their inputs all through therse of the studies.

The results presented above have directly supp@uétical decisions in order to prevent too high
exposure of consumers to chlordecone. Indeed, 8i0@@, a first set of measures of conservation have
been taken in each island taking onto account tfslable data (Anon. 2009). These limiting
measures on fishing activity were based on two miasiens: the geographical distribution and the
biological species. The main principles of thesasnees were to introduce restrictions targetedhen t
species/areas for which results above the MRL le&ah kencountered during the surveys.

Due to the particular sensitivity of this probledone by the local authorities have to made special
efforts to explain the measures both to the fisleerand to the population in order to ensure thaiir
application. In the communication on risk managemeralso important and maybe difficult to
account for potential social and economical impadtsuch regulations that could perturb the fish
market well beyond the strict scope of fishing tations. The main actions done were interviews in
local medias (radio and TV), meetings with fishemme the harbours and spreading a leaflet
explaining the measures easy to use by the fisherpaticularly those who usually sell themselves
their fish.
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Action step 2 (2009-2010). Confirmation investigations and further management decisions

The first step of action was considered as precaaty. Indeed, the knowledge available at that time
was considered sufficient by the sanitary authesitio justify the development of one set of
precautionary measures. Nevertheless, the extegheafontamination of marine fish species was not
so fully characterised as to allow the definitidrath the suitable measures. For this reason, anskc
step of actions has been organized in 2009-20b@dier to complement the knowledge and to prepare
eventual further management measures.

Sampling strategy
For the 2009 surveys, the sampling scheme was rdmE$igo improve the information on the

contamination in the different areas and in thdowar species which were insufficiently described
during the first survey, with different main targéh the two islands.

In Martinique, a general schedule of contaminati@s available from the first step; thus the prjorit
was to identify areas more or less free from comtation beside highly contaminated areas, the last
been closely strongly related to the proximity ohtaminated catchment basins and to the geography
of the coast (sheltered bays vs. open sea cod@sts)nd this island, a special care was directed
towards the most potentially exposed species inntbst sensitive areas. Finally three objectives
guided the sampling operations during this 2009@zagn in Martinique:

- a better coverage of the areas and of the vatiaphic groups, notably the detritic feeders
from the zone 1, and all other trophic groups ftbmzones 1, 2 and 3 (fig. 2),

- an attempt to improve the information on the eamnation of very costal species at higher
risk like the blue land craBardisoma guananhumi,

- an estimation of the variability of the contantioa, focusing on detritic feeders like the
Caribbean spiny lobst&anulirus argus from the zone 2b and on carnivorous pelagic fish.

In Guadeloupe, two main objectives were aimed, fite¢ targeting the most sensitive areas and
species (like in Martinique), the second one deddtecomplement the general investigation on the
contamination all around the island.

Finally, in 2009, 280 crustacean and 626 fish samplere collected and analyzed both by Ifremer
and by the veterinary services within various mamig plans around the Martinique and the
Guadeloupe islands.

Results

Globally the results obtained in this second sedédish and crustacean samples collected in
Martinique in 2009 confirmed and validated the jwas observations. Again the higher
concentrations were found in detritic feeders (2-@WNup) and in higher carnivorous species (4-Aut
group); for the spatial distribution, a same trasdduring the step 1 was observed which confirmed a
higher contamination in the sheltered bays. Thd &ab, which feeds on leafs and fruits on land was
virtually not contaminated. Oppositely, the swimmicrabsCallinectes spp. from the zones 2 and 4
presented very high chlordecone concentrations. ddmamination of Caribbean spiny lobster
Panulirus argus samples obtained in the zone 2 is high and vaviisn a large range. This variability
was not explained by the size of the specimenthmibhumber of samples was too limited to allow the
estimation of any significant relationship betwesize and contamination level. In higher predators
like the King mackereScomberomorus cavalla the very high contamination in a sample from theez

2 was not confirmed by the analyses of samples fr@zones 4 and 9.

One more general observation concerns the disioibwaf the concentration in the set of data: mdst o
the results data are very low values, frequenthyad the quantification levels and few significant
high concentration are found. An increase of thepdeng might lead to the measurements of more
very high levels which move upwards the averageutaled concentration.

The samples collected in 2009 around Guadeloupgrowd those obtained in 2008. The chlordecone
contamination is very present in the south coa@asfse Terre. These new results allowed to identify
few species particularly sensitive to the chlordecoontamination, such as spiny lobst&an(lirus
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argus and P. guttatus), certain coastal pelagic fisheSafanx latus) and more generally most of the
carnivorous species. Again the low contaminatiomerbivorous species has been observed, even in
potentially exposed areas.

Last and importantly, high sea pelagic fishes atecontaminated by chlordecone; those fishes, such
as tunas, wahoAcanthocybium solandri, dolphin fishCoryphaena hippurus, flying fishes represent a
major part of the landings in the French West Iadie

Management decisions

Taking into account the results of analyses andctmelusions of the monitoring plans, in 2010 the
authorities of Guadeloupe have modified the fishiagtrictions around the island (Anon. 2010a).
Shortly, the main principles of this new decisioara/to ban the fishing of all the species in treaar
deemed as the most contaminated, with the excepfiarshort list of clearly defined species, mainly
herbivorous, which are presumed not being contaihaAdditionally, in other areas some species
considered more at risk are also banned to fishing.

At this time (30 July 2010) fishing restrictionsvieanot yet been promulgated in Martinigue. New
management decisions are expected very soon; disogshetween the professional organizations and
the sanitary authorities are still in progress éfirte the best measures with the aim to fully apipéy
sanitary regulations and to minimize, as far asipes, their consequences on the fishing activity.

Conclusion

The activity done during the last years in the EreWest Indies years has allowed effective progress
both in knowledge of the chlordecone contaminatiérthe marine living resources and the risk
management. Two main driving factors of contamorathave been identified: the characteristics of
the environment, principally the location of theeas with regard to the contamination of the
catchment basin and the local hydrodynamics inh@mal, and some biological features of the species,
principally their diet and habitat preference ie tther hand. All this information has been used to
define the management of fishing in order to redheerisk of fishing animals contaminated at level
exceeding the MRL. The management measures rely apmecent and sound knowledge of the
contamination around Guadeloupe and Martinique. esich critical step of progress, the
communication with the professional fishermen amthe citizens was a central strategy implemented
by the authorities. At each stage of this course,researchers have given a support by explaining
their main new results. This process has been deresd useful to improve the meaning of the
measures by all the stakeholders, to promote piicgtion and, as much as possible, to reduce the
risks of misinterpretation, in a particularly sdiva context in the islands.

Further studies are under way. Their first objexdivare to assess the importance of the trophic
transport of chlordecone within the foodweb, andet@luate the historical deposition of this
insecticide in sediment and its further bioavaiiapiNevertheless, this pollution is foreseen kise

for a very long time in the French West Indies. églained in by the chairman of the scientific
council of the governmental action plan on chloadex"the Caribbean populations will have to live
with this pollution for a long time, probably seakigenerations” (Anon. 2010b). In this context,
efforts have to be maintained in the near futurbetier know the characteristics of this pollution

the marine ecosystems such as to take better aotwuat its impact on ecosystems, on human health
as well as on economical activities, and such asdjust mitigation measures at the best, by
integrating these objectives comprehensively.
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