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Abstract Seagrass bed ecosystems occupy the most impor-
tant part of coastal shelf in the French West Indies. They also
constitute nurseries for many invertebrates and fishes harvest-
ed by local fisheries. In Guadeloupe, coastal fish stocks are
declining meanwhile several agroecosystems revealed to be
heavily contaminated by pollutants (agricultural lands, rivers,
mangroves, seagrass beds, and coral reefs). Considering these
facts, a study of the contamination of seagrass beds (8000 ha)
of the Grand Cul-de-Sac Marin (GCSM) bay was conducted
on their sediments and marine phanerogams. The analyses
concerned six metals (Cd, Cu, Hg, Pb, V, Zn), tributyltin, 18
polycyclic aromatic hydrocarbons (PAHs), eight
polybrominated diphenyl ethers (PBDEs), 38
polychlorobiphenyls (PCBs), dithiocarbamates (CS2 resi-
dues), and 225 pesticide molecules.

Overall, the level of contamination of the seagrass beds
was low for both sediments and phanerogams. Metallic trace
elements were the main pollutants but with higher concentra-
tions recorded in coastal sites, and their distribution can be
explained by the proximity of river mouths and current pat-
terns. The level of contamination was lower in plants than in
sediments. However, the level of contamination between these

Responsible editor: Philippe Garrigues

P4 Claude Bouchon
claude.bouchon@univ-ag.fr

! UMR BOREA CNRS-7208, IRD 207, MNHN, UPMC, UCBN,
Université des Antilles, DYNECAR, Labex CORAIL, Campus de
Fouillole, BP 592, 97159 Pointe-a-Pitre, Guadeloupe

two compartments was significantly correlated. The conclu-
sion of this study is that, unlike other coastal ecosystems of
Guadeloupe such as mangroves, the seagrass beds in the
GCSM present a low degree of pollution. The observed level
of contaminants does not seem to threaten the role of nursery
played by the seagrass beds and does not likely present a risk
for the reintroduction of manatees.
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Introduction

The presence of pesticides in coastal marine ecosystems in the
Caribbean has been reported since the early 1970s:
McCloskey and Chesher (1971) measured 3—12 ppm of di-
chlorodiphenyltrichloroethane acid (DDT), 200 to 300 ppm
dichlorodiphenyldichloroethylene (DDE) and 260-320 ppb
of dieldrin in the coral Acropora cervicornis from Florida.
They also observed significant amounts of DDT, dieldrin,
and endrin in the barracuda (Sphyraena barracuda), still in
Florida. Giam et al. (1973) also demonstrated the presence of
organochlorines in grouper from the Gulf of Mexico and
Florida, with doses increasing with the size of the fish.
Glynn et al. (1995) found traces of chlordane, DDT, dieldrin,
endrin, HCB, and chlordecone in virtually all major groups of
marine reef in Florida—sponges (Admphimedon compressa),
cnidarians (Millepora alcicornis, Porites astreoides), crusta-
ceans (Palinurus argus), and fish (Haemulon plumieri).

Little is known about the level of contamination of marine
food chains in the French West Indies, both in Guadeloupe
and Martinique, and even less on the northern islands of St.
Martin and St. Barthélemy.
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Approximately 9500 t of fish and 650 t of mollusks and
crustaceans are harvested every year in Guadeloupe, and West
Indians consume nearly 30 kg of fish per year (Anon 2003).
Contaminants exported to the marine environment can have a
direct impact on human health through the quality of the con-
sumed products. Indirectly, they can have an impact on the
ecosystem’s functioning.

In Guadeloupe, pollution of banana field soils and aquatic
environments by organochlorine insecticides (alpha-hexa-
chlorocyclohexane (x-HCH), 3-HCH, and chlordecone) al-
ready existed in 1977 (Snegaroff 1977; Cabidoche et al.
2009). The report of Kermarrec (1980) showed a significant
biomagnification of perchlordecone in the tissues of aquatic
animals at river mouths (i.e., 0.82 ppm in fish, 0.6 ppm in
crabs, and up to 1.3 ppm in shrimps). More recently, Bonan
and Prime (2001) demonstrated the existence of a pesticide
contamination of river waters in Basse-Terre in Guadeloupe.
The existence of a wide contamination of their food chains
was also demonstrated (Monti 2001, 2005, 2006; Monti and
Lemoine 2007; Coat et al. 2006, 2009, 2011). Bouchon and
Lemoine (2003, 2007) studied the contamination of coastal
marine ecosystems on the southeast coast of Basse-Terre, be-
tween Trois-Riviéres and Goyave. That study revealed the
presence of a few “old” molecules (DDT, HCH) but also
chlordecone in the three coastal ecosystems (mangrove,
seagrass beds, and coral reefs).

In Martinique, Pellerin-Massicote (1991) showed a signif-
icant contamination by organochlorine pesticides of mollusks,
crustaceans, and fish from mangroves and seagrass beds in the
Bay of Fort-de-France. Monti (2001) revealed the existence of
a significant contamination of aquatic organisms in the pond
of Salines related to vegetable agriculture. More recently, the
existence of a pesticide pollution off the mouths of seven
rivers of Martinique was also demonstrated (Bocquéné and
Franco 2005; Coat et al. 2006). They also showed the exis-
tence of a correlation between heavy rains, which are likely to
export carbamates to the coastal marine environment and a
slower cholinesterase activity in surgeonfish (Acanthurus
bahianus) and lobsters (Palinurus argus). Their work also
revealed the presence of chlordecone in these two species, as
well as in anchovies and tilapia. Others studies also dealt with
the contamination of marine organisms (Bertrand et al. 2009,
2010, 2012, 2013; Bodiguel et al. 2011).

Among these studies, some have focused on the contami-
nation of the sediments by polycyclic aromatic hydrocarbons
(PAHs) and heavy metals, in Guadeloupe (Bernard 1995;
Bernard et al. 1995; Ramdine et al. 2012) and in Martinique
(Castaing et al. 1986; Pons et al. 1998; Mille et al. 2006;
Robert 2012).

Despite their importance in the Lesser Antilles, there exists
no study concerning the levels of contamination of marine
phanerogams (Thalassia testudinum (Banks ex Konig) and
Syringodium filiforme (Kiitzing)) in that region.
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Unfortunately, due to their proximity to the coast, they are
directly threatened by pollution and contaminants coming
from the land (see review by Rawlins et al. 1998; Ralph
et al. 2007; Lewis and Devereux 2009). Moreover, the
National Park of Guadeloupe is preparing the reintroduction
in that bay of the manatee (7richechus manatus (Linnaeus))
that disappeared from Guadeloupe at the beginning of the
twentieth century. Manatees are mainly feeding on Thalassia
testudinum. They swallow leaves, rhizomes, and roots, as well
as sediments by inadvertence. An adult consumes about 30 to
35 kg of fresh seagrass per day. Their daily swimming range
can encompass distances of 70 km (Hartman 1979). In the
perspective of the reintroduction of that species, the contami-
nation level of the seagrasses and their sediments is thus a
major issue.

Thus, the present study aims at assessing the level of con-
tamination by metallic trace elements, PAHs, and organic mol-
ecules of the seagrass beds (plant and sediments) in the Bay of
the Grand Cul-de-Sac Marin.

Study area

In terms of occupied surface of the continental shelf, seagrass
beds represent the main coastal marine ecosystem in the
French West Indies (Courboulés et al. 1992; Maniére et al.
1993; Bouchon et al. 2002; Hily et al. 2010). In Guadeloupe
Island, most of the seagrass beds are located in the Bay of the
Grand Cul-de-Sac Marin (GCSM) where they cover 8000 ha
(Chauvaud et al. 2001). They are mainly composed with
Thalassia testudinum (Banks ex Konig) and Syringodium
filiforme (Kiitzing) or with a mix of these two species. This
habitat constitutes nurseries for many juveniles of fish species
(Aliaume et al. 1990; Baelde 1990; Bouchon-Navaro et al.
1992, 2004; Bouchon et al. 1994; Kopp et al. 2007, 2010).
This bay is closed by the largest barrier reef in the Lesser
Antilles (30 km long) which shelters coastal mangrove forma-
tions and well-developed seagrass beds in the lagoon (Fig. 1).
The ecosystems of the bay benefit from several types of pro-
tection: National Parc of Guadeloupe, Man and Biosphere
Reserves (MAB), and the Ramsar Convention on Wetlands.
Moreover, the ecosystems of the bay bear a significant arti-
sanal fishing pressure and an economy based on “green” tour-
ism in full development.

Sampling techniques and analyses of contaminants

Samplings of the phanerogam plants and of sediment were
realized in 15 sites distributed in the seagrass beds of the
bay (Table 1). In each station, Thalassia testudinum plants
were collected including leaves, rhizomes, and roots (pooled
for analysis). In situ, they were cleaned from sediment, rinsed
in seawater, and preserved in iceboxes. Three replicate sam-
ples (referenced A, B, C) were collected by site. When
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Fig. 1 Distribution of the main contaminants in the seagrass beds sediments in the GCSM Bay of Guadeloupe.
present, the same type of sampling was made for Syringodium  barrier reef. Sediments were collected with a hand corer, and

filiforme. The nature of the sediments in the bay varies from  only the upper 5 cm of the core were kept for analysis. Three
terrestrial clay near the shore to coral calcareous sand near the  replicate samples were also collected in each site. Back to the

Table 1  Characteristics and location of the stations studied in the Bay of the Grand Cul-de-Sac Marin (Thal Thalassia, Syr Syringodium)

Ne Stations Seagrass bed Substrate Latitude Longitude

1 Grande Riviere a Goyave Thal+ Syr Mud 16° 18.304' 61°36.271"
2 Pointe Pasquereau Thal Terrigenous red clay 16° 16.750" 61°36.701’
3 Pointe a Negre Thal+ Syr Mud 16° 16.878' 61°35.95¢
4 Mouth of Riviére-Salée Thal Mud+Halimeda 16°17.108' 61° 33.748'
5 Belle Plaine Thal Mud+Halimeda 16° 17.695' 61°32.704'
6 Pointe Lambis Thal+ Syr Muddy sand+Halimeda 16° 18.286’ 61°32.673'
7 Pointe J’ai Fouillé Thal Mud 16° 20.029' 61° 32.080
8 Pointe a Retz Thal Muddy sand+Halimeda 16°21.917 61°30.152’
9 East point of Fajou Islet Thal Muddy coral sand 16° 20.562' 61°35.629'
10 Cay south of Fajou Islet Thal Muddy coral sand 16° 19.254' 61°34.792'
11 Pointe Dupuis (Morme Rouge) Thal Mud+ Halimeda 16° 18.400' 61° 38.080’
12 ilet La Biche Thal Muddy coral sand 16°20.327' 61° 38.955'
13 West of ilet Caret Thal Coral sand 16° 21.535' 61° 38.324
14 Riviére of Sainte-Rose Thal+ Syr Mud+Halimeda 16° 20.120' 61° 42.060
15 flet Blanc du Carénage Thal+ Syr Muddy coral sand 16° 20.530' 61° 41.240'
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laboratory, plants and sediment samples were weighted and
dried at 48 °C (in order to avoid mercury sublimation) until
mass stabilization. All samples were sent to La Drome labo-
ratory for the analysis of six metals (Cd, Cu, Hg, Pb, V, Zn),
tributyltin, 18 PAHs, eight polybrominated diphenyl ethers
(PBDE), 38 polychlorobiphenyls (PCB), dithiocarbamates
(CS2 residues), and 225 pesticide molecules. The complete
list of analyzed molecules is available from the authors.

The Mantel test of matrix correlation was used to compare
the level of contamination by metal trace elements of the sed-
iments versus the contamination of phanerogams.

Results
Contamination of sediments

The contamination of sediment by metallic trace elements was
examined in reference to the work of the group GEODE ' that
defined two series of threshold values for metallic elements
and PAHs considered as dangerous for the environment
(Tables 2 and 3). Beyond level 1, the sediments are considered
as “noncontaminated”. Between levels 1 and 2, sediments are
considered as “contaminated” and thorough studies must be
undertaken before dredging and dumping. Above level 2, it is
excluded to dump this type of sediment into the sea.

The results concerning the contamination of sediments are
gathered in Table 4. The table presents only the contaminants
for which significant results have been detected.

Contamination of sediments by metallic trace elements

The results concerning the contamination of sediments by
metallic elements in the GCSM Bay are summarized in
Fig. 2. Considering Table 2 as a reference, the levels of con-
tamination observed were generally low. The values for cad-
mium (Fig. 1, Table 4) were below the level of quantification,
except for station 7 where one of the three replicates presented
a value of 1.8 mg kg '. For copper, stations 1, 2, 3, and 14
present replicates with values reaching level 1 from GEODE
recommendations (45 mg kg ). The concentrations of mer-
cury were generally low, except for one replicate from station
2 (0.27 mg kg ") and one from station 4 (0.11 mg kg ). For
lead, the values measured were low, with the exception of
station 4 (replicates between 17 to 26.8 mg kg_l) and station
7 where one replicate reached 20.8 mg kg . Considering zinc,
the most important values (still inferior to level 1) were found
in stations 1, 2, 3, 4, and 14 (between 37.9 and 94.9 mg kgﬁl).
Station 7 presented a replicate with 447.6 mg kg .

" GEODE : Groupe d’Etude et d’Observation sur les Dragages et
I’Environnement (Group of study and Observations on dredging and on
Environment).
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Table 2 Maximum levels L1 and L2, proposed by the group
“GEODE” concerning the contamination by metals of marine,
estuarian, and salted sediments (mg kg ' D. S.)

Metals Level 1 (L1) Level 2 (L2) Ground noise
Cadmium (Cd) 12 24 0.5
Copper (Co) 45.0 90.0 35.0
Mercury (Hg) 0.4 0.8 0.2
Lead (Pb) 100.0 200.0 47.0
Zinc (Zn) 276.0 552.0 115.0

Vanadium constitutes the most important metallic contam-
inant of the seagrass bed sediment in the GCSM Bay. In sta-
tions 1, 2, 3, and 11, concentrations fluctuated between 103
and 353 mg kg '. At station 14 (mouth of the river of Sainte-
Rose), values of vanadium fluctuated between 384 and
638 mg kg .

Contamination of sediment by PAHs

Concerning the PAHs, a station (station 4, located near the
mouth of the Riviére-Salée) presented a contamination of its
sediments by several PAHs with values ranging from 12 to
24 pg kg ' (benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(ghi)perylene, and indeno(1,2,3-
cd)pyrene). Moreover, at station 6, one sediment replicate
contained 24 pg kg ' of benzo(a)pyrene. With the exception
of these two stations, seagrass sediments of the other sites
studied in the GCSM Bay are free from traces of PAHs.

Contamination of sediment by pesticides and their residues

Among the 226 molecules of pesticides and other organic
contaminants tested, only chlordecone and dithiocarbamates
residues (CS2) appeared in the seagrass bed sediment in the
GCSM Bay. Chlordecone appeared in one replicate of station
4 (mouth of the Riviére-Salée) with a value of 11 ug kg™’ of
dry sediment. Pollution by dithiocarbamates estimated by

Table 3 Maximum levels L1 and L2, proposed by the group
“GEODE” concerning the contamination by PAHs of marine, estuarian,
and salted sediments (mg kg ' D. S.)

PAHs Level 1 (L1) Level 2 (L2)
Fluoranthene 0.4 5
Benzo(b)fluoranthene 0.3 3
Benzo(k)fluoranthene 0.2 1
Benzo(a)pyrene 0.2 1
Benzo(g,h,i)perylene 0.2 1
Indeno(1,2,3-c,d)pyrene 0.2 1
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Table4  Results of the analyses of sediments concerning metal trace elements (mg kg 'of dry weight), PAHs (ug kg~' DW), and pesticides (ug kg

DW)
Stations Heavy metals PAHs Pesticides
Cadmium Copper Mercury Lead Zinc Vanadium Bl B2 B3 B4 1 CH D
1A <02 37.5 0.06 8.0 58.5 121.7
1 1B <0.2 48.5 0.06 9.1 61.9 1433 53
1C <0.2 45.5 0.07 9.7 65.0 138.0 53
2A <0.2 59.9 0.08 8.5 94.9 3534 81
2 2B <0.2 79.2 0.27 9.4 70.1 376.4 83
2C <02 45.0 0.04 8.6 572 294.1 76
3A <0.2 37.7 0.09 12.7 52.8 103 124
3 3B <0.2 46.1 0.09 16.0 68.1 135.7 88
3C <0.2 425 0.09 15.2 61.9 126.1 121
4A <0.2 16.0 0.10 22.1 50.7 25.1 12 16 11 92
4 4B <0.2 122 0.09 17.0 379 223 <LD 86
4C <0.2 18.2 0.11 26.8 60.7 27.7 13 12 14 22 10 94
5A <02 13.6 0.07 9.9 324 30.7 73
5 5B <0.2 15.6 0.05 11.9 372 359 84
5C <0.2 19.5 0.04 11.9 39.8 37.0 100
6 A <0.2 6.4 0.03 32 13.9 222 53
6 6B <0.2 9.5 0.03 3.6 25.8 453 74
6C <0.2 10.9 0.06 7.9 30.8 52.4 24 61
7A <02 8.9 0.05 4.6 20.6 39.9 67
7 7B 1.8 9.3 0.05 20.8 447.6 37.2 50
7C <0.2 8.8 0.04 43 18.7 40.0 59
8 A <0.2 8.1 0.06 8.5 21.7 34.5 97
8 8B <0.2 9.4 0.05 7.9 19.5 29.2 66
8C <0.2 7.1 0.05 7.6 19.0 30.6 78
9A <02 2.0 <0.02 0.7 3.9 1.4
9 9B <02 1.5 <0.02 0.4 34 0.4
9C <0.2 1.9 <0.02 0.8 33 2.6
10 A <0.2 1.1 <0.02 0.3 2.6 0.4
10 10B <0.2 0.9 <0.02 0.4 2.5 0.4
10C <0.2 0.9 0.02 0.3 3.0 0.3
1A <02 39.0 0.06 7.2 46 104.4
11 11B <0.2 303 0.06 8.0 49.5 110.2
11C <0.2 325 0.06 8.8 51.8 117.9
12A <0.2 1.1 <0.02 0.3 2.9 1.0
12 12B <0.2 1.2 <0.02 0.4 3.0 0.6
12C <0.2 0.9 <0.02 0.2 3.1 0.3
13A <0.2 1.4 <SQ(1) 0.3 2.9 0.6
13 13B <0.2 1.1 <0.02 0.4 3.0 1.1
13C <0.2 1.5 <0.02 0.3 2.1 0.6
14 A <0.2 484 0.07 9.1 77.3 384.1
14 14B <0.2 50.3 0.04 8.3 91.1 637.5 63
14C <0.2 40.0 0.06 9.2 70.3 3774 55
15A <02 5.3 <0.02 1.3 7.2 10.4
15 15B <0.2 5.3 <0.02 1.3 7.2 10.1
15C <02 5.8 <0.02 1.5 7.5 13.1 62

B1 benzo(a)anthracene, B2 benzo(a)pyrene, B3 benzo(b)fluoranthene, B4 benzo(ghi)perylene, / indeno(1,2,3-cd)pyrene, CH chlordecone, D dithiocar-

bamates (CS2)
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Fig. 2 Distribution of the main contaminants in the seagrass plants in the GCSM Bay of Guadeloupe.

carbon disulfide residues (CS2) was found in the sediments of
all the coastal seagrass beds of the bay located east of the
Grande Riviére a Goyave. (stations 1 to 8) (Fig. 2). CS2 res-
idues were also found at station 14 (mouth of the river of
Sainte-Rose) and at station 15 (ilet Blanc du Carénage). The
most contaminated site was located in station 3 (Pointe-a-
Négre) with a maximum value of 124 pg kg ' in one of the
three replicates. Sediments from the other stations presented
values ranging from 50 to 100 pg kg~ of dry sediment.

Contamination of seagrass plants

The analytical results for the contamination by metallic ele-
ments and PAHs of Thalassia testudinum plants at 15 sites are
presented in Table 5 and Fig. 2. The same type of analyses was
made for Syringodium filiforme at stations 1, 6, 14, and 15.
Contamination of seagrass plants by metallic trace elements
Cadmium was present in small quantities in Thalassia plants

at station 2 (Pointe Pasquereau) with values of 0.4 mg kg ' of
dry extract for each of the three replicates. In station 12, one

@ Springer

replicate presented a value of 8.2 mg kg ' (islet La Rose). For
the other stations, the values were below or equal to the quan-
tification analytic threshold (0.2 mg kg ).

The mean levels for copper contamination of Thalassia
plants were generally low. The maximum values of 10.4 to
12.7 mg kgﬁ1 were observed at station 2 (Pointe Pasquereau).
One replicate in station 12 (islet La Biche) contained
11.4 mgkg " of copper. Finally, the Thalassia plants at station
14 (mouth of the river of Sainte-Rose) contained 5.4 to
7.7 mg kg~ of copper by dry extract. The maximum value
observed was in Syringodium from this same station.

The values of contamination by mercury were low in all the
stations and remained below 0.04 mg kg ' of dry extract of
Thalassia plants. The same was also true for Syringodium.
This element is the most toxic among trace metals, especially
in the form of alkylated compounds that are readily
biomagnified in food chains.

Lead levels found in phanerogams were also low for all the
stations. The maximum level was reached at station 4 (mouth
of the Rivic¢re-Salée) with values ranging from 2 to
2.9 mg kg ! according to replicates. At station 12 (islet La
Biche), one of the replicates contained 10.9 mg kg ' of lead.
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Table 5 Results of the analyses of seagrasses concerning metal trace elements (mg kg 'of dry weight) and PAHs (ug kg™' DW)
Stations Phanerogams Heavy metals PAHs
Cadmium Copper Mercury Lead Zinc Vanadium B Py. A Ph.
1A Thalassia <0.2 4.6 0.03 0.6 25.6 15.1
1 1B Thalassia <0.2 6.1 0.03 0.9 26.9 17.1 0.01
1C Thalassia <0.2 4.8 0.02 0.7 24.5 144
1 Syringodium <0.2 3.6 <0.02 0.5 16.4 4.5
2A Thalassia 0.4 12.7 0.03 0.8 329 35.6
2 2B Thalassia 0.4 104 0.04 0.7 30.8 27.5
2C Thalassia 0.4 11.4 0.02 0.8 31 333 0.07
3A Thalassia 0.2 5.4 0.03 0.7 214 10.5
3 3B Thalassia 0.2 4.8 <SQ(1) 0.6 23.5 104
3C Thalassia 0.2 4.6 <SQ(1) 0.7 26.1 9.2
4A Thalassia <0.2 5.4 0.03 29 30.6 83
4 4B Thalassia <0.2 5 0.02 2.8 32 82
4C Thalassia <0.2 43 0.02 2 259 6.1
5A Thalassia <0.2 3.6 0.02 0.7 23.5 5.7
5 5B Thalassia <0.2 4 <0.02 0.9 23.2 7.1
5C Thalassia <0.2 4 <0.02 1.1 20.6 8.4
6 A Thalassia <0.2 2.3 <0.02 0.8 18.1 7.1
6 6B Thalassia <0.2 2.1 <0.02 0.7 17 5.4
6C Thalassia <0.2 1.8 <0.02 0.6 16 52
6 Syringodium <0.2 2.2 <0.02 0.5 11.9 23
7A Thalassia <0.2 2 0.02 0.9 21.6 7.3
7 7B Thalassia <0.2 2.3 <0.02 0.6 24 8.3 0.04
7C Thalassia <0.2 1.9 0.02 0.6 22.8 7.1
8A Thalassia <0.2 2 0.02 0.7 19.2 5.2
8 8B Thalassia <0.2 24 <0.02 1 21.5 7.8
8C Thalassia <0.2 8.3 0.03 0.7 20.4 6.7
9A Thalassia <0.2 0.9 <0.02 <0.2 18.5 2.7
9 9B Thalassia <0.2 0.9 0.04 <0.2 20 24
9C Thalassia <0.2 0.9 <0.02 <0.2 22.6 2.3
10 A Thalassia <0.2 1.6 <0.02 0.3 19.7 5.3
10 10B Thalassia <0.2 1.7 0.02 04 20.9 4.7
10C Thalassia <0.2 1.5 0.02 0.3 20.8 53
1A Thalassia <0.2 4.6 0.02 0.5 16.7 74
11 11B Thalassia <0.2 7.9 0.02 0.5 14.3 10.9
11C Thalassia <0.2 4.6 0.02 04 15.5 10.6 0.06
12A Thalassia <0.2 1.8 <0.02 04 16.9 4.4
12 12B Thalassia 8.2 11.4 0.03 10.9 26.4 18.9
12C Thalassia <0.2 2 <0.02 0.3 15.8 5.6
13A Thalassia <0.2 1.9 <0.02 0.3 16.1 6.5
13 13B Thalassia <0.2 2.3 <0.02 0.2 15.7 3.9
13C Thalassia <0.2 24 <0.02 0.8 20.5 4.7
14 A Thalassia <0.2 6.9 <0.02 1 28.4 26.2
14 14B Thalassia <0.2 6.3 <0.02 0.7 29.3 19.3
14C Thalassia <0.2 5.4 <0.02 0.8 32 152
14 Syringodium <0.2 7.7 <0.02 0.7 18.6 9.5
15A Thalassia <0.2 1.5 <0.02 04 12.7 2
15 I5B Thalassia <0.2 1.9 <0.02 <0.2 12 2.5
15C Thalassia <0.2 1.9 <0.02 <0.2 12.7 1.7
15 Syringodium <0.2 1.9 <0.02 <0.2 14.1 1.3

B benzo(a)anthracene, Py. pyrene, A anthracene, Ph. phenanthrene
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The highest values for zinc were observed at stations 1 to 5,
located east of the mouth of the Grande Riviére a Goyave,
where zinc levels in Thalassia plants varied from 20.6 to
32.9 mg kg ' of dry extract. The Syringodium present at sta-
tion 3 contained 16.4 mg kg™ of zinc. Another peak of this
metal was observed at station 14 (mouth of the river of Sainte-
Rose) with Thalassia contents varying between 28.4 to
32 mg kg ! of dry extract. Syringodium plants in this station
had a content of 18.6 mg kg ' of zinc. In the other stations
observed, values fluctuated between 12 to 23 mg kg .

The highest values for vanadium were found in
Thalassia plants from stations 1, 2, and 3 located at the
east of the Grande Riviére a Goyave. Values of vanadium
varied between 9 and 36 mg kg ' of dry extract. The
Syringodium present at station 1 contained only
4.5 mg kg ' of vanadium. Station 14 (mouth of the river
of Sainte-Rose) had replicates with values ranging from
15 to 26 mg kg '. In this station, Syringodium presented a
lower contamination level (9.5 mg kg™'). Finally, one of
the replicates of station 12 (islet La Biche) contained
18.9 mg kg of vanadium.

Contamination of phanerogams by PAHs

In the GCSM Bay, marine phanerogams were not significantly
contaminated with PAHs. Traces of contaminants were detect-
ed in only one replicate at each station: benzo(b)fluoranthene
(0.01 mg kg ") at station 1, pyrene (0.07 mg kg ') at station 2,
anthracene (0.04 mg kg') at station 7, and phenanthrene
(0.06 mg kg™ ") at station 11.

Contamination of phanerogams by pesticides and their
residues

No trace of contamination by the 225 molecules of pesticides
and other organic contaminants was found in the plants of
marine phanerogams.

Elements of comparison

It seemed interesting to investigate the existence of a correla-
tion between the contamination level of sediment and that of
phanerogams plants growing above. This calculation was
done using a Mantel test. The test was performed using only
the matrices of contamination by metal elements; contamina-
tion values by PAHs and other organic pollutants were too
weak. The results of the test showed that there was a statisti-
cally significant correlation between the sediment contamina-
tion matrix and that of seagrass phanerogams (#=0.359, p=
0.0001).

@ Springer

Discussion

Contaminants were mainly observed in the seagrass beds lo-
cated near the shore, and their pattern of dispersion could be
explained by the direction of surface currents. In the GCSM
Bay, the main currents are driven by the eastern trade winds
and are directed towards the west of the bay along the shore
(Assor 1988). Several sources of contamination were identi-
fied: the mouth of the Grande Riviére a Goyave and that of the
rivers of Lamentin and Sainte-Rose. The Riviére-Salée, which
collects the runoffs of the airfield of the Guadeloupe airport,
constitutes the source of pollution of the bay by PAHs.

Metallic trace elements were mainly present in sediments.
For cadmium, the telluric noise can be important. Lewis et al.
(2007) reported values for this metal fluctuating from 0.2 to
0.35mgkg " in sediments from Florida seagrass beds. Levels
for cadmium observed in this study never exceeded
1.8 mgkg ' in one sediment sample, which is rather low when
compared to values reported by Fernandez et al. (2007)) in the
Caribbean area (between 0.03 to 67.9 mg kg '). One phaner-
ogam sample also contained cadmium at 8 mg kg ', a high
value in regard of those reported by Solis et al. (2008) in
Thalassia from Mexico (<1 mg kg '). Alvarez-Legorreta
et al. (2008) have shown that cadmium was directly absorbed
by the leaves from seawater and not by their root system. Still
according to these authors, cadmium generates the elaboration
of thiol compounds as antioxidant in the plant. Malea (1994)
showed that cadmium was toxic for Halophila leave cells at
concentrations superior to 51 mg kg '. Considering its low
occurrence in the samples and its moderate level of contami-
nation, this metal does not seem to be an environmental threat
for the seagrass beds of the bay.

Maximal values observed for copper were 45 mg kg ' in
one sample of sediment and 12.7 mg kg " in Thalassia plants.
For Florida seagrass bed sediments, Lewis et al. (2007) found
concentrations of copper between 0.08 and 70.8 mgkg ', and,
in Texas (Gulf of Mexico), Whelan et al. (2005) published
values of 11.5 mg kg ' of copper for the sediment of a coastal
lagoon. In Mexico, copper concentrations in Thalassia fluctu-
ate between 4 and 27 mg kg ' (Solis et al. 2008). At low
concentrations, copper is an essential element to virtually all
plants and animals. Elevated levels of copper are toxic in
aquatic environments and may affect plants, invertebrates,
and fish (Nor 1987). Prange and Dennisson (2000) have
shown that this metal affects the photosynthetic process of
seagrasses at a level of 1 mg 1! in seawater. However, they
also demonstrated that the threshold of copper sensitivity is
widely variable between phanerogam species and even inside
a same species. There is no threshold value for the concentra-
tion of copper enacted by the European Union.

The concentrations in mercury were globally low, with a
maximum value of 0.27 mg kg ' for one sediment sample and
none in Thalassia. In Florida, Lewis et al. (2007) also found
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low values of mercury in seagrass bed sediments (0.004 to
0.057 mg kg ). In the present study, possible sources of con-
tamination might respectively be the Grande Riviére & Goyave
and the river of Lamentin for station 2 and the Riviére-Salée
for station 4. Absent from the marine phanerogams, mercury
does not seem to present a threat for the seagrass community
of the bay.

For lead, maximum values were 26.8 mg kg ' in one rep-
licate of sediment and 10.9 mg kg ' in one replicate of plants.
From Lewis et al. (2007), concentrations of lead in sediments
varied between 0.2 and 28.5 mg kg ' in Florida seagrass beds.
The concentrations observed in the GCSM Bay of
Guadeloupe are low, except in one station. Purnama et al.
(2015)) showed that the concentration of lead of
1.8 mg kg™ in Thalassia hemprichii leaves depressed
chlorophylle concentration and root growth. This metal de-
serves further monitoring.

Considering zinc, the most important value found in sedi-
ments was 447 mg kg ' and 32.9 mg kg ™' in one sample of
Thalassia. Lewis et al. (2007) found lower values in the sed-
iment of Florida seagrass beds (2.2 to 10 mg kg "), as well as
Whelan et al. (2005) in a lagoon from Texas (32.7 mg kg ).
In Thalassia plants, values of 13 to 35 mg kg~ were observed
in Mexico by Solis et al. (2008). Zinc is not considered as a
highly toxic metal. Generally, zinc is an essential element
which acts as a plant nutrient, but at higher concentrations, it
becomes toxic (Rout and Das 2003). Malea et al. (1995) re-
vealed the existence of a positive correlation between cell
mortality and zinc concentration in Halophila stipulacea
(tropical marine phanerogam).Vanadium constitutes the most
important metallic contaminant of the GCSM seagrass beds
with a maximal value of 638 mg kg™ in one sediment sample
and 36 mg kg' for one sample of Thalassia. In volcanic
islands like Guadeloupe, its origin is probably largely telluric.
Miramand and Fowler (1998) estimated that the natural con-
centration of this metal in marine sediments ranged from 20 to
200 mg kg ' of dry extract, the highest values being found
near the coasts. Solis et al. (2008) found values of vanadium
ranging from 1 to 7 mg kg ' of dry extract in Thalassia plants
from Mexico. In Venezuela, Alfonso et al. (2008)) found
values for Thalassia testudinum ranging from 1.09 to
15.14 mg kg'. Vanadium is not considered as a very toxic
element and was not taken into consideration in the work of
the group GEODE. However, according to Imtiaz et al.
(2015), if low concentration of vanadium in sediment
(<2 mg kg ") may enhance chlorophyll synthesis, high values
are harmful for plants. The toxicity of this metal depends on its
level of oxidation as well as on the nature of the organic
compound it forms.

Many studies have focused on the accumulation of metallic
trace element in seagrasses (Sanchiz et al. 2001). Heavy
metals, at high concentrations, generally disrupt the photosyn-
thetic function. However, the impact can be reversed when

removing these contaminants (Prasad and Strzalka 1999).
Moreover, a same species can present wide tolerance varia-
tions to metal impacts. It is not clear whether this is due to
phenotypic or genotypic variations between the populations
(Ralph et al. 2007).

In the present study, a significant correlation was found
between the concentration of metallic trace elements in the
sediments and in Thalassia plants. Contamination of
sediments presented an average value about five times
higher than the contamination of Thalassia. These results
suggest that sediment contamination is probably inducing
that of the seagrasses growing above them. Seagrasses are
bioaccumulators of metals (Ward 1989). Contamination of
the plants can follow two pathways: from surrounding
waters to leaves and (or) from interstitial sediment water to
the roots. Metals are then translocated to the other parts of the
plant (Ralph et al. 2007). Considering this fact, several authors
have proposed to use seagrass as bioindicators for pollution by
metal trace elements (Lafabrie et al. 2009; Govers et al. 2014).

PAHs were found in one sample of sediment near the mouth
of the Riviere-Salée. The seagrasses only presented low traces
of PAHs. This contamination probably originates from the air-
field of Guadeloupe, which is close to this site. As for heavy
metals, the GEODE group defined baseline levels for PAHs in
sediments (Table 4). Compared to these threshold values, the
contents of PAHs in the seagrass bed sediment appeared to be
low in the GCSM. Long et al. (1995) considered whether a
variety of chemical contaminants in sediments affected the
biology of organisms (fishes and invertebrates). Among the
13 PAHs tested in that study, two (benzo(a)anthracene and
benzo(a)pyrene) were found in the sediments of Guadeloupe.
These authors defined two “guideline values”: concentrations
below the effects range-low (ERL) value were those for which
effects would “rarely” be observed, whereas concentrations at
the effects range-median (ERM) value were considered those
that produced “frequent” effects. For the two PAHs found in
sediment of the present study, the ERLs for benzo(a)pyrene
and benzo(a)anthracene were 430 pg kg’ (dry weight) and
261 pg kg ' (dry weight), respectively. It should be noted that
in the sediment sample contaminated by PAHs in Guadeloupe,
the values determined for these two chemicals were 13 ug kg™’
for benzo(a)anthracene and 12 ug kg ™' for benz(a)pyrene, well
below the ERL levels suggested by Long et al. (1995) but
still with a capacity to elicit biological effects. From Ralph
et al. (2007), PAHs are largely more toxic for seagrass than
other hydrocarbons generally found in oil spills. They are
lipophilic and so are able to pass through lipid membranes
and tend to accumulate in the thylakoid membrane of the
chloroplast, perturbing the photosynthesis process
(Ren et al. 1994). Nevertheless, considering that only one
station is contaminated at a low level by PAHs, these con-
taminants do not seem to constitute a threat for the seagrass
beds of the investigated bay.
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Among the 225 pesticides and other organochloride con-
taminants tested in the GCSM, only chlordecone and dithio-
carbamates residues (CS2) appeared in the seagrass bed sed-
iment and none in the seagrass plants. That absence of con-
tamination of the Thalassia plants is probably due to the low
contamination of the sediment by pesticides. Chlordecone ap-
peared in one sample of sediment (0.11 pug kg™ ).
Nevertheless, Bouchon and Lemoine (2007) found in crusta-
ceans (Penaeus schmitti and three species of Callinectes
crabs) and fish (Centropomus undecimalis), from the shores
of the GCSM Bay, concentrations of chlordecone ranging
from 10 to 100 ug kg '. All the contamination was localized
at the mouth of the Grande Riviére a Goyave, the water of
which is collecting the runoffs of some banana crops.
Chlordecone is able to present a high bioamplification in the
food web as observed in Martinique (Bodiguel etal. 2011) and
Guadeloupe (Dromard et al. (2015)). In a particularly contam-
inated zone of Guadeloupe by chlordecone (Goyave), we re-
cently found values of chlordecone in Thalassia leaves fluc-
tuating around 3 pg kg ', In some species of the associated
fauna of these seagrass beds, chlordecone level exceeded
1600 pg kg '. In Guadeloupe, the maximum residue limit
(MRL) for chlordecone is fixed at 20 pg kg ' of fresh extract.
Connolly and Tonelli (1985) developed a mathematical model
to attempt to clarify the relationship between kepone (a com-
mercial name for chlordecone) levels in striped bass and other
teleosts and those measured in the water column and sedi-
ments. The model indicated that for kepone concentrations
to remain at or below 0.3 pg g ' in fish tissues, the concen-
trations in the water column and sediments would fluctuate
between 3-9 ng 1™ and 13-39 ng g ', respectively.

The dithiocarbamates are organosulfur compounds that can
form polymers with transition metals. The presence of a heavy
metal ion in the molecule increases the potential toxicity of
that molecule. In Guadeloupe, dithiocarbamates are mainly
used as fungicides. Pollution by dithiocarbamates, estimated
by carbon disulfide residues (CS2), contaminated the sedi-
ments of 10 (out of 15) stations studied in the GCSM Bay,
with values ranging from 50 to 124 ug kg ' in 25 of the 29
replicates sediment samples. Bouchon and Lemoine (2007)
showed that dithiocarbamate residues represented the main
contaminant in the food chain of mangroves in the GCSM
Bay, with CS2 values ranging from 20 to 970 pg kg ™' of
dry extract. Values from the present study are lower.
However, these values should be considered with caution,
because the contamination by dithiocarbamates was evaluated
by analyzing the carbon disulfide residues (CS2). It has been
shown that these radicals exist naturally in confined coastal
habitats, such as estuaries and mangroves (Ki-Hyun and
Andreae 1992; Sciare et al. 2002). These radicals can be nat-
urally produced by the decomposition of organic matter in
anaerobic conditions. This natural background can lead to an
overestimation of pollution by dithiocarbamates. The levels of
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dithiocarbamate residues found in the sediments of the bay
were low (maximum 124 ug kg™'). However, the fact that
they were found so ubiquitously in the samples of sediment
suggests that dithiocarbamates should form the subject of fur-
ther monitoring.

Conclusions

At the end of the study, it is possible to conclude that, unlike
other ecosystems of Guadeloupe (see Dromard et al. 2015),
the seagrass beds of the GCSM Bay present a low degree of
pollution. The observed levels of contaminants do not seem to
threaten the role of nursery played by the seagrass beds and do
not likely present a risk for the project of reintroduction of
manatees led by the National Park of Guadeloupe.
Moreover, there is a project of construction of an incinerator
for all the garbage of Guadeloupe windward of the GCSM
Bay. The present work shall constitute a baseline study for
future monitoring of an eventual pollution from this
incinerator.

Acknowledgments Thanks are expressed by the authors to the Nation-
al Park of Guadeloupe for funding this study.

References

Alfonso JA, Azocar J, LaBrecque JJ, Garcia B, Palacios D, Benzo Z
(2008) Trace metals in bivalves and seagrass collected from
Venezuelan coastal sites. Rev Biol Trop 56(suppl 1):215-222

Aliaume C, Lasserre G, Louis M (1990) Spatial organization of fish
communities in the Thalassia seagrass beds of the Grand Cul-de-
Sac Marin in Guadeloupe. Rev Hydrobiol Trop 23:231-250 (in
French)

Alvarez-Legorreta T, Mendoza-Cozatl D, Moreno-Sanchez R, Gold-
Bouchot G (2008) Thiol peptides induction in the seagrass
Thalassia testudinum (Banks ex Konig) in response to cadmium
exposure. Aquat Toxicol 86:12—19

Anon (2003) TER : Regional economy tables of Guadeloupe. INSEE
Antilles-Guyane (in French)

Assor R (1988) Hydrologie et sédimentologie du Grand Cul-De-Sac
Marin (Guadeloupe F. W. L.). Ann Soc Géol Nord. CVII: 221-238

Baelde P (1990) Differences in the structure of fish assemblages in
Thalassia testudinum beds in Guadeloupe, French West Indies,
and their ecological significance. Mar Biol 105:163—173

Bernard D (1995) Metals in sediments from two lagoons of Guadeloupe,
West Indies. Mar Poll Bull 30:619-621

Bernard D, Jeremie JJ, Pascaline H (1995) First assessment of hydrocar-
bon pollution in a mangrove estuary. Mar Poll Bull 30:146-150

Bertrand JA, Abarnou A, Bocquené G, Chiffoleau J.F, Reynal L (2009)
Chemical contamination of the coastal fish fauna of the French
Antilles. 2008 Campaigns in Martinique and Guadeloupe.
IFREMER. ONEMA. 95p

Bertrand JA, Bodiguel X, Abarnou A, Reynal L, Bocquené G (2010)
Chlordecone in the marine environment around the French West
Indies: from measurement to pollution management decisions.
ICES, CM



Environ Sci Pollut Res (2016) 23:61-72

71

Bertrand JA, Dromer C, Reynal L (2012) Contamination of lobsters
Panulirus agrus and Panulirus guttatus by chlordecone along the
Atlantic coast of Martinique (campaign 2011). IFREMER report (in
French)

Bertrand JA, Guyader O, Reynal L (2013) Characterization of the con-
tamination of fish fauna by chlordecone around Guadeloupe (cam-
paigns 2008 to 2011). IFREMER report (in French)

Bocquéné G, Franco A (2005) Pesticide contamination of the coastline of
Martinique. Mar Poll Bull 51:612-619

Bodiguel X, Bertrand JA, Fremery J (2011) Fate of chlordecone in the
trophic food webs of marine species consumed in the Lesser
Antilles. Final IFREMER report CHLORETRO (in French)

Bonan H, Prime JL (2001) Presence of pesticides in the waters for human
consumption in Guadeloupe. Ministére de ’aménagement, du
territoire et de I’environnement report (in French)

Bouchon C, Lemoine S (2003) Level of contamination by pesticides in
marine food webs of Guadeloupe and research of biomarkers of
genotoxicity. Rapport UAG-DIREN report (in French)

Bouchon C, Lemoine S (2007) Contamination of marine organisms by
pesticides in the bay of Grand Cul-de-Sac Marin (Guadeloupe).
Rapport UAG-DIREN (in French)

Bouchon C, Bouchon-Navaro Y, Louis M (1994) Changes in the coastal
fish communities following hurricane Hugo in Guadeloupe Island
(French West Indies). Atoll Res Bull 422:1-19

Bouchon C, Bouchon-Navaro Y, Louis M (2002) The coastal marine
ecosystems in the Antilles. In: IRD (ed), La péche aux Antilles.
Martinique et Guadeloupe, Paris, pp 21-43 (in French)

Bouchon-Navaro Y, Bouchon C, Louis M (1992) Fish communities in the
seagrass beds of the Bay of Fort-de-France (Martinique). Cybium
16:307-330 (in French)

Bouchon-Navaro Y, Bouchon C, Louis M (2004) Fish communities in the
seagrass beds of the French Antilles: interest of their protection.
Revue d’Ecologie (terre et vie) 59:253-272 (in French)

Cabidoche Y-M, Achard R, Cattan P, Clermont-Dauphin C, Massat F,
Sansoulet J (2009) Long-term pollution by chlordecone of tropical
volcanic soils in the French West Indies : a simple leaching model
accounts for current residue. Environ Pollut 157:1697-1705

Castaing P, Assor R, Jouanneau JM, Weber O (1986) Heavy metal origin
and concentration in the sediments of the Pointe-a-Pitre Bay
(Guadeloupe—Lesser Antilles). Environ Geol Water Sci 8(4):175—
184

Chauvaud S, Bouchon C, Maniére R (2001) Mapping of marine bioce-
noses from SPOT data (coral reefs, marine Phanerogams, man-
groves). Oceanol Acta 24:1-14 (in French)

Coat S, Bocquené G, Godard E (2006) Contamination of some aquatic
species with the organochlorine pesticide chlordecone in
Martinique. Aquat Living Resour 19:181-187

Coat S, Monti D, Bouchon C, Lepoint G (2009) Trophic relationships in a
tropical stream food web assessed by stable isotope analysis. Freshw
Biol 54:1028-1041

Coat S, Monti D, Legendre P, Bouchon C, Massat F, Lepoint G (2011)
Organochlorine pollution in tropical rivers (Guadeloupe, F.W.L):
role of ecological factors in food web accumulation. Envir Poll
159:1692-1701

Connolly JP, Tonelli R (1985) A model of kepone in the striped bass food
chain of the James River Esturary. Final Report, Cooperative
Agreement No. R807827, Environmental Research Laboratory,
Gulf Breeze, FL

Courboulés J, Maniére R, Bouchon C, Bouchon-Navaro Y, Louis M
(1992) Remote sensing and management of tropical coasts : appli-
cation to the islands of Saint-Barthélemy, Saint-Martin et Anguilla.
Photo-Interprétation 1991-92:5-8 (in French)

Dromard C, Bodiguel X, Lemoine S, Bouchon-Navaro Y, Reynal L,
Thouard E, Bouchon C (2015) Assessment of the contamination
of marine fauna by chlordecone in Guadeloupe and Martinique

(Lesser Antilles). Environ Sci Pollut Res. doi:10.1007/s11356-
015-4732-z

Fernandez A, Singh A, Jaffé R (2007) A literature review on trace metals
and organic compounds of anthropogenic origin in the Wider
Caribbean region. Mar Pollut Bull 5:1681-1691

Giam CS, Richardson R, Taylor D, Wong MK (1973) Interpretation of
chlorinated hydrocarbons in reef dwelling groupers (Serranidae) in
the Gulf of Mexico and Carribean. Bull Environ Contam Toxicol 9:
376-382

Glynn PW, Rumbold DG, Snedaker SC (1995) Organochlorine pesticide
residues in marine sediment and biota from the Northern Florida reef
Track. Mar Poll Bull 30:397-402

Govers LL, Lamers LPM, Bouma TJ, Eygensteyn J, de de Brouwer JHF,
Hendriks AJ, Huijbers C, Marieke M, van Katwijk MM (2014)
Seagrasses as indicators for coastal trace metal pollution: a global
meta-analysis serving as a benchmark, and a Caribbean case study.
Environ Pollut 195:210-217

Hartman DS (1979) Ecology and Behavior of the Manatee (7richechus
manatus) in Florida. American Society of Mammalogists. Special
Publication No. 5, Lawrence, KS: 153

Hily C, Duchene J, Bouchon C, Bouchon-Navaro Y, Gigou A, Payri C,
Vedie F (2010) The meadows of marine Phanerogams of French
overseas territories. Hily C, Gabrié C, Duncombe M (coord.
IFRECOR) Conservatoire du littoral (ed) 33—43 (in French)

Imtiaz M, Rizwan MS, Xiong S, Li H, Ashraf M, Shahzad SM, Shahzad
M, Rizwan M, Tu S (2015) Vanadium, recent advancements and
research prospects: a review. Environ Int 80:79-88

Kermarrec A (1980) Level of contamination of trophic food chains in
Guadeloupe: pesticides and heavy metals 1979—-1980. INRA report
(in French)

Ki-Hyun K, Andreae MO (1992) Carbon disulfide in the estuarine, coast-
al, and oceanic environments. Mar Chem 40(3-4):179-197

Kopp D, Bouchon-Navaro Y, Louis M, Bouchon C (2007) Diel differ-
ences in the seagrass fish assemblages of a caribbean island in rela-
tion to adjacent habitat types. Aquat Bot 87:31-37

Kopp D, Bouchon-Navaro Y, Louis M, Mouillot D, Bouchon C (2010)
Juvenile fish assemblages in Caribbean seagrass beds: does nearby
habitat matter ? Coast Res 26:1133—1141

Lafabrie C, Pergent G, Pergent-Martini C (2009) Utilization of the
seagrass Posidonia oceanica to evaluate the spatial dispersion of
metal contamination. Sci Total Environ 407:2440-2446

Lewis MA, Devereux R (2009) Nonnutrient anthropogenic chemicals in
seagrass ecosystems:fate and effects. Environ Toxicol Chem 28(3):
644-661

Lewis MA, Dantin DD, Chancy CA, Abel KC, Lewis CG (2007) Florida
seagrass habitat evaluation: a comparative survey for chemical qual-
ity. Environ Pollut 146:206-218

Long ER, MacDinakd DD, Smith SL, Calder FD (1995) Incidence of
adverse biological effects within ranges of chemical concentrations
in marine and estuarine sediments. Environ Manag 19:81-97

Malea P (1994) Seasonal variation and local distribution of metals in the
seagrass Halophila stipulacea (Forsk.) Aschers in the Antikyra Gulf,
Greece. Environ Pollut 85:77-85

Malea P, Kevrekidis T, Haritonidis S (1995) The short-term uptake of zinc
and cell mortality of the sea grass Halophila stipulacea (Forsk.)
Aschers, Israel J. Plant Sci 43:21-30

Maniére R, Bouchon C, Bouchon-Navaro Y, Louis M, Menu T,
Chiaverini S (1993) Digitized aerial photography and cartography
of the seagrass beds in the Bay of Fort-de-France (Martinique,
French West Indies). Photo Interprét 1993:131-140

McCloskey LR, Chesher RH (1971) Effects of man-made pollution on
the dynamics of coral reefs. In: Miller JW, van B-Derwalker JG,
Waller RA (eds) Scientists-in-the-sea, VIth edn. U.S. Dept. of
Interior, Washington DC, pp 229-237

@ Springer


http://dx.doi.org/10.1007/s11356-015-4732-z
http://dx.doi.org/10.1007/s11356-015-4732-z

72

Environ Sci Pollut Res (2016) 23:61-72

Mille G, Guiliano M, Asia L, Malleret L, Jalaluddin N (2006) Sources of
hydrocarbons in sediments of the Bay of Fort-de-France
(Martinique). Chemosphere 64:1062-1073

Miramand P, Fowler D (1998) Bioaccumulation and transfer of vanadium
in marine organisms. In: Nriagu J (ed) Vanadium in the environ-
ment. Part 1: Chemistry and Biochemistry. Wiley, New York, NY

Monti D (2001) Search for pesticides and heavy metals in the sediment,
fish and crustaceans of 1’étang des Salines, Saint-Anne, Martinique.
Convention BIOS/PNRM, 54 pp (in French)

Monti D (2005) Contamination level of freshwater aquatic organisms by
pesticides in Guadeloupe. Convention DIREN Guadeloupe, juin
2005 (in French)

Monti D (2006) Evaluation of the contamination of crustaceans and fish
in 4 rivers of Guadeloupe, Petit Bourg and Goyave. Convention
DIREN Guadeloupe, novembre 2005, 12 pp (in French)

Monti D, Lemoine S (2007) Impacts of pesticide contamination on a
population of freshwater crustaceans in Guadeloupe. UAG-
DYNECAR report, 34 pp (in French)

Nor YN (1987) Ecotoxicity of copper to aquatic biota: a review. Environ
Res 43:274-282

Pellerin-Massicote J (1991) Evaluation of the physiological condition of
Crassostrea rhizophorae and food web contamination in the Bay of
Fort-de-France. PNUE report (in French)

Pons J-C, Parra M, Julius C (1998) Heavy metals contamination in the
fine sediment of the Bay of Fort-de-France. Oceanol Acta 11:47-54
(in French)

Prange PA, Dennisson WC (2000) Physiological responses of five
seagrass species to trace metals. Mar Poll Bull 41:327-336

Prasad MNV, Strzalka K (1999) Impact of heavy metals on photosynthe-
sis. In: Prasad MNV, Hagemeyer J (eds) Heavy metals stress in
plants. Springer, Berlin, pp 117-138

Purnama PR, Soedarti T, Hery Purnobasuki H (2015) The effects of lead
[Pb(NO;)?] on the growth and chlorophyll content of sea grass
[Thalassia hemprichii (ehrenb.) Aschers.] Ex situ. Vegetos 28(1):
9-15

Ralph PJ, Tomasko D, Moore K, Seddon S, Catriona M, Macinnis-Ng O
(2007) Human impacts on seagrasses: eutrophication, sedimentation

@ Springer

and contamination. In: Springer (ed.) Seagrasses: biology, ecology
and conservation, Pp 567-593

Ramdine G, Fichet D, Louis M, Lemoine S (2012) Polycyclic aromatic
hydrocarbons (PAHs) in surface sediment and oysters (Crassostrea
rhizophorae) from mangrove of Guadeloupe: levels, bioavailability
and effects. Ecotoxicol Environ Saf 79:80-89

Rawlins BG, Ferguson AJ, Chilton PJ, Arthurton RS, Rees JG, Baldock
JW (1998) Review of agricultural pollution in the Caribbean with
particular emphasis on small island developing states. Mar Pollut
Bull 36(9):658-668

Ren L, Huang XD, McConkey BJ, Dixon DG, Greenberg BM (1994)
Photoinduced toxicity of three polyccyclic aromatic hydrocarbons
(Fluoranthene, Pyrene and Naphthalene) to the dickweed Lemna
gibba L. G-3. Ecotoxicol Environ Saf 28:160-171

Robert S (2012) History of the contamination of coastal sediments in the
French Antilles by chlordecone, IFREMER report (in French)

Rout G, Das P (2003) Effect of metal toxicity on plant growth and me-
tabolism: I. Zinc. Agronomie, EDP Sci 23(1):3—-11

Sanchiz C, Garcia Carrascosa AM, Pastor A (2001) Relationships be-
tween sediment pysiochemical characteristics and heavy metal
bioaccumulationin Mediterranean soft-bottom macrophytes. Aquat
Bot 69:63-73

Sciare J, Mihalopoulos N, Nguyen BC (2002) Spatial and temporal var-
iability of dissolved sulfur compounds in European estuaries.
Biogeochemistry 59:121-141

Snegaroff J (1977) Residues of organochlorine insecticides in soils and
rivers in the area of banana plantations in Guadeloupe. Phys Chem
Chem Phys 26:251-258 (in French)

Solis C, Isaac-olive K, Martinez A, Lavoisier E, Ruiz Z (2008) Trace
metals in the seagrass Thalassia testudinum from the Mexican
Caribbean coast. X ray spectrom 37:103—-106

Ward TJ (1989) The accumulation and effects of metals in seagrass hab-
itats. Pp 797-825. In : Biology of seagrasses. A treatise on the
biology of seagrasses with special reference to the Australian region.
Larkum AWD, McComb AJ, Spheperd SA (eds). Elsevier 841 pp

Whelan T 111, Espinoza J, Villarreal X, CottaGoma M (2005) Trace metal
partitioning in Thalassia testudinum and sediments in the Lower
Laguna Madre Texas. Environ Int 31:15-24



	Level of contamination by metallic trace elements and organic molecules in the seagrass beds of Guadeloupe Island
	Abstract
	Introduction
	Study area
	Sampling techniques and analyses of contaminants

	Results
	Contamination of sediments
	Contamination of sediments by metallic trace elements

	Contamination of sediment by PAHs
	Contamination of sediment by pesticides and their residues

	Contamination of seagrass plants
	Contamination of seagrass plants by metallic trace elements
	Contamination of phanerogams by PAHs
	Contamination of phanerogams by pesticides and their residues
	Elements of comparison


	Discussion
	Conclusions
	References


