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ABSTRACT: Persistent Organic Pollutants (POPs) have widely aroused public concern due to their ubiquity,
environmental persistence, long-range transportability, bioaccumulation capacities and potentially adverse effects
on living organisms. Dakar is located in the industrial zone of Senegal (80% of industrial activities) and inhabits
25% of Senegalese population leading to an ideal sink of these persistent organic pollutants. In the present paper,
Polychlorinated Biphenyls (PCBs) and polycyclic Aromatic Hydrocarbons (PAHs) were analyzed in sediments and
marine organisms. The contamination level of PAHs, Me-PAHs and PCBs in surface sedimentand aquatic organisms
(one macroalgae, two invertebrate species, four fish species and macroalgae) were determined. The concentration
levels in the sediment were detected from 2 to 636 pg/kg dw for =, PAHSs, from 3 to 31 ug/kg dw for =, Me-PAHs
and from 4 to 333 pg/kg dw for X, PCBs for the selected stations in Dakar costal area. PAHs concentrations
determined in edible tissues were lower than sediment samples. Tilapia species present the highest mean levels of
PAHs and Me-PAHSs at 92 + 54 and 183 + 39 pg/kg dw respectively. For PCBs, the highest level was determined
in Perna perna species (up to 1228 pg/kg dw) and the lowest level was found in Penaeus kerathurus species. At
the base of the food chain, Ulvalactula species displayed low PCB concentrations detected at 7 + 6 pg/kg dw. The
total mercury concentration was also reported in this paper in order to complete the background of pollution degree
and to study the potential processes of biomagnification and/or bioaccumulation of contaminants in marine food
chain. Mercury concentration were detected in the sediment ranging from 5 to 95 pg/kg dw. For marine species,
considering all organisms, the mean concentration of mercury varies between 5 and 442 pg/kg dw. Pyrogenic
process was the predominant source of PAHs contamination in our sampling sites. Based on Sediments Quality
Guidelines (ERM-ERL/TEL-PEL approaches) rare biological adverse effects of total mercury, PCBs and PAHs
on aquatic ecosystems were expected in Dakar coastal area. Finally, in the context of human health, the edible
marine species qualities obtained from three stations of Dakar coastal areas have been also evaluated. Based on
the European Union legislation, the selected species present good quality for human consumption based on PCBs,
PAHs and mercury.
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INTRODUCTION

The environmental impact of organic pollutants and
metallic trace elements in coastal environment is
serious. In order to better understand the potential
impact of these pollutants on the ecosystem
functioning as well as human health, an increasing
attention has been implemented not only on the
contamination level of contaminants in water or
sediment but also on their accumulation level in aquatic
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organism (Boon, 1985; Naes et al., 1995; Neff 2002;
Borga etal., 2004; Francioni, 2005; Bastami etal., 2013).
Senegalese coast is one of the most productive areas
in the world due to the presence of coastal upwelling
of deep waters rich in nutrients (Romeo et al., 1999).
Even ifindustrialization did not reach a very high level
compared to the developed countries, pollution of
coastal aquatic habitats seems to be an inevitable
problem mainly in the peninsula of Dakar which
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concentrates more than 80 % of the industries and
inhabits more than 25 % of the population of the
country (OIS 2010). Indeed, most of domestic and
industrial waste waters are discharged directly into the
sea. These permanent anthropogenic discharges can
contribute to environmental and ecological degradation
of Dakar coastal zones. Consequently, particular
attention must be paid to the chemical quality of edible
marine organisms consumed by local human
populations. Fish and invertebrates consumption
remain the major source of protein for the residents in
Dakar. However, to date, only few studies were carried
out on the trace metals and organic contamination
levels in mollusk and fish species sampled from this
aquatic ecosystem (Simoudou et al., 2006; Ndiaye et
al., 2012).

Among the large variety of organic pollutants,
polychlorinated biphenyls (PCBs) and polycyclic
aromatic hydrocarbons (PAHSs) are two classes of
pollutants intensively monitored and regulated due to
their toxicity, persistence and wide diffusion in the
environment. PCBs were widely used in industries until
their hazards to the environment and human health
became evident. These contaminants have been
reported to cause cancer in animals and humans
(Bertrand et al., 2010; Kramer et al., 2012; Brauner et
al., 2012; EPA, 2013). PCBs have primarily been used
as dielectric fluids of transformers and capacitors;
other applications included their use in paints, inks
and pesticides; they are extremely stable compounds
under environmental conditions (Bennett, 1983; WHO,
1993). Due to their toxicity, persistency and
bioaccumulation capacities, these substances have
been classified as persistent organic pollutants. Their
production was banned by the United States Congress
in 1979 and by the Stockholm Convention on Persistent
Organic Pollutants in 2001 (Porta and Zumeta, 2002).
However, PCBs are still present in water and sediment
(Turrio-Baldassarri et al., 2005; Dumoulin et al., 2013;
Net et al., 2014a) and continue to affect aquatic
organisms from the base of food chain (plankton, algae)
to predator organisms (fish, birds, marine mammals)
and consequently human health through the diet (Sun
etal., 2002). Another class of organic contaminants is
represented by the aromatic hydrocarbons group
including PAHs and Me-PAHSs. These contaminants
are widely disseminated in the environment. High level
of hydrocarbons represents a serious threat to the
ecosystem functioning and human health via food
chain and water resources. Their sources can be both
natural and anthropogenic (Yunker et al., 2002; Wang
etal., 2007; Mostert et al., 2010; Net et al., 2014a,b).
Hydrocarbons are highly lipophilic compounds,
ubiquitous in coastal, estuarine and river water column,
as well as sediments in which they tend to accumulate
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(Chiou et al., 1998; Ko and Baker, 1995; Manodori et
al., 2006; Cailleaud et al., 2007; Gaspare et al., 2009;
Yunker et al., 2012; Net et al., 2014b). Recent studies
have reported that marine organisms are prone to
bioaccumulate these substances, particularly in lipid-
rich tissues (Neff, 2002; Francioni et al., 2005; Dugan
et al., 2005). Due to their toxic, carcinogenic and
mutagenic effects (Straif et al., 2005; IARC, 2010; US
Department of Health and Human Services, 2011),
sixteen PAHs have been classified as priority
substances by the United States Environmental
Protection Agency (US EPA, 2002). Among toxic metals,
mercury is an element of special concern because it is
known to particularly biomagnify as it moves up the
aquatic food chain (Carrasco et al., 2011) and thus to
bioaccumulate in higher tropic level consumers (Cossa
etal., 1990).

The aim of the present study was to assess the
impact of anthropogenic discharges on the ecological
ecosystem of Dakar coastal zones. Predominant
organic compound (PCBs, PAHs and Me-PAHS) were
quantified in one macro algae species (Ulvalactuca),
two invertebrate species (mussel: Perna perna and
shrimp: Penaeus kerathurus) and four fish species
(grey mullets: Mugilcephalus, tilapia Sarotherodon
melanotheron, flatfish Soleasenegalensis and round
sardinella Sardinella aurita). These two invertebrate
and four fish species have been selected because they
represent a great economic and ecological importance
in these coastal zones. In addition, a toxic metal such
as mercury has been also considered in this paper in
order to complete the background of contamination
level and to study their potential biomagnification and/
or bioaccumulation processes in marine food chain.

MATERIALS & METHODS

Dakar is located in the west of Senegal, in the
industrial zone (80% of industrial activities) and
inhabits 25% of the Senegalese population which is an
ideal sink of these persistent organic pollutants. The
sampling campaign was conducted in the south of
Dakar on February 2013 during dry season in three
sampling sites along the South coast of the peninsula
of Dakar, noted A, B and C on the Fig. 1. Classical
parameter such as pH, temperature, salinity and
dissolved oxygen have been also measured
simultaneously. The values of pH, temperature, salinity
and dissolved oxygen were respectivelyat 7.43, 21.8°C,
36.9 PSUand 7.42 mg/L for Soumbedioune station, 7.61,
23.4°C, 40.3 PSU and 6.19 mg/L for Yarakh station and
7.64, 23.1°C, 35.8 PSU and 7.02 mg/L for Rufisque
station. Surface sediment and marine species have
been selected in order to understand the potential
impact of micro pollutants from urban and industrial
discharges on ecosystem functioning and on human
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health. Seven marine species were considered in this
work starting from macroalgae, bivalve, crustacean and
four species of fish. The choice was based on the
frequent consumption of these species by the
population inhabiting the Senegalese coast. The main
characteristics of marine organisms selected in this
study are briefly presented as following: (i) Macroalgae:
Ulvalactuca provide qualitative information about the
contamination level and environmental quality in an
ecosystem due to their lifestyle sedentary and
abundance in coastal seawater (Rainbow and Phillips,
1993). (ii) Mussel: Perna perna is the only mussel of
this genus in the Western coast of Africa (Sidoumou
et al., 2006). Mussels are sedentary filtering organisms,
which have been widely used as environmental sentinel
for the contamination. (iii) Crustacean: Penaeus
kerathurus is commercially one of the most important
shrimp species in fishery in Senegal. Itis also a target
species for fishermen using trammel nets in Dakar bays.
(iv) Fish species: Sardinella aurita is a small pelagic
fish feeding on plankton. These fat fish are the more
often consumed species in Senegal. In this study,
Sardinella aurita presents from 228 to 337 cm length
with mean average of 309+37 cm and from 110t0 396 g
with mean average of 304+91 g wet weight. Flathead
mullet Mugilcephalus is cosmopolitan and occupies
a wide variety of marine, estuarine and freshwater
environment in tropical, subtropical and temperate
coastal waters. This benthopelagic species is
omnivorous which diet consists mainly of zooplankton,
benthic organisms and detritus for larger juvenilesand
adult stages. In this word, Mugilcephalus collected
were from 318 to 362 cm length with mean average of
343+19 cm and from 282 to 426 g wet weight with mean
average of 334+57 g wet weight. Sarotheroron
melanotheron: As Mugilcephalus, Sarotheroron
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melanotheron are tolerant to a broad range of
environmental conditions and natural populations were
found in many different habitats from freshwater to
hypersaline waters (Panfili et al., 2003). This species
has an omnivorous diet and can change its diet in
function of the environment. Tilapia is a fast-growing
fish which has been an essential source of protein food.
Therefore, this fish species show an increasing demand
in many developed countries. Sarotheroron
melanotheron collected were from 141 to 253 cm length
with mean average of 196+58 cm and from 85t0 342 g
with mean average of 206 + 129 g wet weight.
Soleasenegalensis is one of the most abundant and
representative species of the Atlantic coasts. This flat
benthic fish with a practically sedentary life lives in
sandy or muddy bottoms in coastal areas and feeds on
benthic invertebrates such as larvae of polychaets,
bivalve mollusks and small crustaceans. This species
is well adapted to warm climates and have been used
in field and laboratory toxicity assays because of its
sensitive character to pollutants (Costa et al., 2009).
Soleasenegalensis collected were from 269 to 371 cm
length with mean average of 311+40 cm and from 178
to 445 g with mean average of 279 + 97 g wet
weightThese three sampling sites were chosen due to
their locations near the waste discharge channels into
the sea. Zone A (Soumbedioune) is dominated by
discharges of domestic wastewater, hospital discharges
and road traffics. Zones B (Yarakh) and C (Rufisque)
are located in the Hann Bay: Yarakh is surrounded with
industrial activities with the predominance of food
industries while Rufisque is close to the Refining
African society and cement factory. For each station,
five superficial sediment samples were collected at low
tide. Similarly, macroalgae and mussels were
handpicked from substratum of intertidal zone. After

Guinea-Bissau

A: Soumbediocune
B: Yarakh
C: Rufisque

Fig. 1. Location of sampling sites from Dakar coastal zone, in Senegal
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collection, samples were transported to the laboratory
in icebox and biota samples were rinsed with pure water.
The whole soft body of mussels was collected for
chemical analysis. Samples of fish and shrimp were
caught by fishermen’s nets and the fishing zones were
indicated approximately in the Fig. 1. Species were
purchased from the local fishermen in the same day of
capture and brought to laboratory on ice immediately.
Before collecting muscle tissues, fish length and weight
were measured. All samples were dried in an oven at
40°C to constant weight and were stored in individual
aluminum foils at -20°C until further treatments and
analysis. Dried sediment and biota samples were
ground mechanically with an agate mortar and manually
with a ceramic mortar and pestle, respectively.Mixed
standard solutions of PAHs and Me-PAHs were
purchased from Restek Corp (Bellefonte, PA, USA).
PCBs standard solution was obtained from
Accustandard, Inc. (New Haven, CT, USA).
Tetrachloronaphtalene (TCN), 2,3,3°,5,6-
tetrachlorobiphenyl (PCB112) and octachloro-
naphtalene (OCN), used as internal standard for PCBs
quantification, were purchased from Dr Ehrenstorfer
(Augsburg, Germany). Deuterated internal standards
for PAHs and Me-PAHs quantification were
acenaphthene-d10 (A-d10), naphtalene-d8 (N-d8),
perylene-d12 (Per-d12), phenanthrene-d10 (Phe-d10)
and pyrene-d10 (Pyr-d10) and they were provided by
LGC-Promochem (Middlesex, UK). HPLC-grade
solvents (hexane, dichloromethane, methanol and
acetone) were purchased from Dislab (France).
Ultrapure water (Milli-Q) was produced by a Millipore
apparatus with 18.2 MQ/cm resistivity. Merck silica
gel 60 (70-230 mesh ASTM) activated at 450 °C was
stored at 120°C for 12h prior to use. Glassware was
systematically washed with detergent (Decon, East
Sussex, UK), rinsed with ultrapure water and acetone
and finally dried at 120 °C prior to use.

In this work, 16 PAHSs, 18 Me-PAHSs and 28 PCBs
including 12 dioxin-like PCBs (dI-PCBs) and 7 PCB
indicators (PCBi) were analyzed as follow:

PAHs (16 PAHSs) : naphthalene (N), acenaphtylene
(Acy), acenaphtene (Acn), fluorene (F), anthracene
(An), fluoranthene (Fl), benzo[a]anthracene (BaA),
chrysene (Chr), benzo[a]pyrene (BaP), phenanthrene
(Pn), benzo[b]fluoranthene (BbF), benzo[k]-
fluoranthene (BKF), benzo[ghi]perylene (Bghi),
dibenzo[a,h]anthracene (DhA), indeno[1,2,3-
cd]pyrene (IP), pyrene (Py).

Me-PAHs (18 Me-PAHS) : 1-methylnaphthalene (1M-Na),
2-methylnaphthalene (2M-Na), 1,2-dimethylnaphthalene
(1,2DM-Na), 1,6-dimethylnaphthalene (1,6DM-Na), 2,6-
dimethylnaphtalene (2,6DM-Na), 1-methylphenanthrene
(1M-Pn), 2-methylphenanthrene (2M-Pn), 3-
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methylphenanthrene (3M-Pn), 9-methylphenanthrene
(9M-Pn), 2-methylanthracene (2M-An), 1,7-
dimethylphenanthrene (1,7DM-Pn), retene, 1-
methylfluoranthene (1M-FI), 3-methylfluoranthene
(3M-FI), 1-methylpyrene (1M-Py), 4-methylpyrene
(4M-Py), 3-methylchrysene (3M-Ch), 6-
methylchrysene (6M-Ch).

PCBs No. (28 PCBs): 8, 18, 28, 44,52, 66, 77, 81, 101,
105, 114, 118,123, 126, 128, 138, 153, 156, 157, 167, 169,
170, 180, 187, 189, 195, 206 and 209.

Mercury: Total mercury.

Sieved powder samples were spiked with
deuterated internal standards A-d10, N-d10, Per-d12,
Phe-d10 and Pyr-d10 for PAHs and Me-PAHSs analyses
and with TCN, PCB112 and OCN for PCBs analysis.
After a delay of equilibration, samples were then
extracted using an accelerated solvent extraction (ASE
200, Dionex Corp., USA). The extraction conditions
were: heat 5 min, temperature 100°C, static solvent
extraction time 2 min with 5 static cycles, pressure 138
bars, purge 3 min and 35 % flush according to the
method developed by Tronczynski et al. (2005). High
purity nitrogen was employed as the purge gas.

Molecular sulfur was removed from the extract by
addition of activated metallic copper (Blumer, 1997) to
the extracts. The extracts were concentrated, solvent-
exchanged to hexane, and then purified and fractioned
by liquid chromatography on a silica column to
eliminate organic interferences (Jeanneau, 2007). PCBs
were recovered by elution with hexane (Fraction 1),
and aromatic hydrocarbons (PAHs and Me-PAHS)
were recovered with hexane/dichloromethane mixtures
(3/1 viv) followed by hexane/dichloromethane mixture
(/1 v/v) (Fraction 2). Each fraction was concentrated
using a rotary evaporator followed by a slight stream
of nitrogen to a final volume of 200pL.

Targeted compounds were analyzed using a Varian
3900 gas chromatograph (GC) equipped with a
deactivated fused-silica guard column (5 m, 0.25 mm
i.d.) and a fused-silica low polarity si-arylene ZB-XLB
capillary column (60 m length, 0.25 mm i.d., 0.25 pm film
thickness, Phenomenex) and coupled with a Varian lon
Trap Saturn 2000 Mass Spectrometer (MS). The carrier
gas was helium held at a constant flow rate of 1 mL/
min. Each group of organic compounds was analyzed
separately. Temperature of the GC oven was
programmed as follow: from 70 °C (1 min) to 170 °C at
10 °C/min, then to 230 °C at 4 °C/min, and then to 300
°C at 3 °C/min (13 min) for HAPs and Me-HAPs and
from 80 °C (1 min)to 170 °C at 10 °C/min, then to 230 °C
at4 °C/min, and then to 300 °C at 3 °C/min (19 min) for
PCBs. Samples were injected in the splitless mode at
280 °C and the injector was purged with helium after 1
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min. The transfer line and the ion trap were held at 280
°C and 220 °C, respectively. ldentification of each
compound was done on the basis of the retention time
and the mass spectrum from chromatograph of standard
solutions acquired in full scan mode. Quantification was
then performed in the single ion storage (SIS) mode for
better selectivity. Response factors were determined
relative to the internal standards previously chosen to
better fit to the properties of each compounds. No
significant amount of analytes was detected in
procedural blanks. Thus, the data did not need the blank
corrected. The recovery rates of the analytical procedure
for extraction of PAHs and PCBs have been previously
studied and validated by Tronczynski et al. (2005). The
procedure have been slightly modified for fractionation
on a silica column step. The recovery rates have been
studied and validated in the laboratory by spiking the
targeted compounds into the natural sediment. The
recovery rates obtained were more than 79% for PAHSs,
more than 73% for Me-PAHs and more than 75% for
PCBs in algae and sediment samples. The limit of
quantification of individual PCBs, PAHs and Me-PAHs
were 0.8 pg/kg dw (except for PCB180 which was 2 pg/
kgdw), 0.1-2 pg/kg dwand 0.2-0.4 pg/kg dw, respectively.
Total mercury analysis was carried out with an Advanced
Mercury Analyser (Altec, AMA 254) on powder samples
without treatment at least three replicates for each
sample. For a known amount of dried sample (10-40 mg),
the metal was evaporated by progressive heating up to
800 °C under oxygen atmosphere and finally
amalgamated on a gold-sand trap. Afterwards, the
amalgamator was heated to liberate the collected mercury,
which was finally measured by atomic absorption
spectrophotometry. Certified reference materials (MESS-

3and DORM-3, National Research Council Canada) were
used to assess the accuracy and precision of the
analyses. Mean recovery for total mercury was more
than 86 % and the limit of quantification was 5 pg/kg
dried weight (dw).

RESULTS & DISCUSSION

The mean contaminant levels of total mercury;, total
PAHs (X, ,PAHs), total Me-PAHs (X, ,Me-PAHS) and
total PCBs (X,,PCBs) measured in surface sediment were
at 22+22 ug/kg dwwith the range of 5-95 (n=15), 197+240
with the range of 2-636 (n=15), 11+8 with the rage of 3-31
(n=15) and 58+81 pg/kgdw with the range of 4-333 g/
kg dw (n=15) respectively. Mean + S.D (standard
deviation) of individual concentration of targeted
compounds were presented in Table 1. Individual
concentration of PAH and Me-PAH detected in
Soumbedioune station were one order of magnitude
lower compared to previous study reported by Ndiaye
etal. (2012) for the same station. Individual concentration
of PCB were also detected at lower concentration.
However, there is no data on organic contamination
reported for two other sites selected in this study. Among
these three sampling sites, Yarakh was the less
contaminated by PAHs and PCBs. Our results showed
that the distribution of PAH, Me-PAH, PCB and mercury
was not homogenous. The concentration varied
strongly form one sampling point or site to another (Table
1). Despite a large range between the minimum and
maximum for contaminant levels, X, PAHs showed a
relatively high contamination level, around 9 times higher
than mercury concentration, 3 times higher than X ,PCBs
concentration and 18 times higher than X ,Me-PAHSs
concentration.

Table 1. Means = S.D of individual concentration of targeted compounds (16PAHs, 18Me-PAHSs,
28PCBs and total mercury) analyzed in sediment and marine organisms collected from three
sampling stations in the Dakar coastal area: invertebrate species (soft body) and fish species

(muscle). nd = level not detected (<LOQ) and na = not analysis. (n >3 replicate)

Compounds Maximum admissible content (ug/kg wet weight)
P Mussel | Fish | Crustacean ] Reference
30 30" 30" UE N° 835/2011
- 1
BaP, BaA, BbF, gf g4?21(91)21)
Chr 3.4-20 (8) 3.2-18 (10.1)? 8-12 (10) This work
1.8-3.2 (2.7)*
75 75 75 UE N° 1259/2011
_ 1
PCB: 28, 52, 101, 2'3212 ®)
138, 153, 180 0.7-12 (6) 7-10 (8.5)° nd This work
n.d-27 (6)*
100-500 500-1000 100-500 UE N° 466/2001/2006
3-101 (34)!
Total mercury 11-38 (21)2
9-17 (12) 9-30 (22)° 7-12 (9) This work
4-18 (7)*
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The PAHSs ranged between 2 and 636 pg/kgdw and
the highest PAHs concentrations were obtained in
sediments collected at Rufisque station and sampled from
a zone close to the Refining African society and cement
factory. The mean concentration of X, PAHs was 396 +
326pg/kgdw (Fig. 2). Our results of PAHs was at least an
order of mag nitude lower, compared to concentrations
measured in superficial sediment collected in the
Soumbedioune station (Hann Bay) during the dry season
(Ndiaye et al., 2012). Abdolahpur Monikh et al. (2014)
have performed the study on PAHs contamination in
Persian Gulf. The authors have reported the
concentrations of total PAHs in sediment varied from
310.76 pg/kg dwat Boshehr province to 1106 pig/kg dwat
Tangestan estuary; thus two order of magnitude higher
than our results obtained from Dakar coastal. Ndiaye et
al. (2012) reported a concentration level of 19 pg/kg dw
for PCBs indicator in a sediment sample from Hann Bay.
The levels of PCBs indicator (X,PCBs) were similar in
Rufisque station and lower than literature data for the
two other stations (Fig. 2). Similarly, surface sediments
from two Senegalese stations (100 — 150 km South from
Dakar) exhibited X PCB concentrations ranging between
0.3and 19.1 pg/kgdw (Bodin et al., 2011). Sediments from
Yarakh and Soumbedioune displayed levels of POPs lower
than those from Rufisque station (Fig. 2). Yarakh station
seems to be the less contaminated compared to other
ones. The location of Rufisque station near the Refining
African society and cement factory could explain the
highest level of organic pollutants found at this station
and more particularly the PAH compounds. Mercury
concentrations ranged between 5 and 95 pg/kg dw and
sediments from Rufisque station were the less enriched
in this element. To our knowledge, no data for mercury
concentration in sediments from this area or along the

In general, the contamination level of pollutions are
strongly conditioned by their origin. Numerous methods
could be used to identify the origin of PAHs
contaminations (De Lucas 2005; Gogou et al., 1996; Simo
etal., 1997; Yunker etal., 2002; Yunker and Macdonald,
1995; Dickhut et al., 2000; Zhang et al., 2005). However,
to our knowledge, there is no specific method to identify
the origin of PCBs and mercury. In this work, PAHs
origin for the sediment samples was characterized by
using the ratio of low molecular weight and high
molecular weight (LMW/HMW, the sum of (2-3) / (4-6)
aromatic rings). This ratios allow to distinguish the
petrogenic (LMW/HMW > 1) from pyrolytic origins
(LMW/HMW < 1) (De Lucas, 2005). Our results on
LMW/HMW ratios revealed values less than 1, thus
suggesting that combustion should be the dominant
source of PAHSs in the studied areas. In addition, ratios
of molecular masses 178 and 228 are commonly used to
distinguish combustion from petroleum sources. For the
mass 178, Ant/(Ant + Phe) <0.10 suggests pollution of
petroleum origin, while a ratio >0.10 indicates a
dominance of combustion (Budzinski et al., 1997; Yunker
et al., 2002; Liu et al., 2008). For the mass 228, BaA/
(BaA + Ch) suggests that a ratio <0.20 indicates petroleum
inputs, a ratio between 0.20 and 0.35 indicates a mixed
sources (either petroleum or combustion), and a ratio
>0.35 indicates combustion sources (Yunker et al., 2002).
Our results obtained from isomers ratios of molecular
masses 178 and 228 reinforce the combustion process
as the major source of PAHs contamination in these
three sampling sites. Moreover, such high Ant/
(Ant+Phe) and BaA/(BaA+Ch) ratios involve high
proportions of anthracene and benz[a]anthracene that
are both among the most photoreactive PAHs (Gogou
et al., 1996). Considering a combustion/transport/
deposition process, it can be admitted that no significant

600 -

I HAP-total
I Me-HAP-total
E== PCB-total
[ZZ1 PCBi

é B PCB-DL

Hg-total

Senegalese coast were reported.
60
40
20 ﬂ
., s

Soumbedioune Yarakh

400 4

200 +

Concentration (ug/kg dw)

Soumbedioune

Yarakh

Rufisque

Rufisque

Fig. 2. Mean (S.D.) of total PAH, Me-PAH, PCB and mercury concentrations (pug/kg dw) obtained in
surface sediments collected at Soumbedioune, Yarakh and Rufisque stations. Levels of PCB indicators
(PCBI) and dioxin-like PCBs (PCB-DL) are also indicated. n=five replicates
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photolysis degradation occurred in this case study. These
ratios can also imply close contamination sources that
can be attributed to the nearby industrial activities or
vehicle emissions of Dakar city.

However, there is no natural source of PCBs.
Atmospheric depositions, runoff from the land, wood
burning and food chain transport have been regarded
as the major sources of PCBs in aquatic environment
(Totten et al., 2006). PCBs are mainly produced by
pyrogenic process due to the combustion of organic
matter (Pereira et al., 1980; Kjeller and Rappe, 1995; Rose
and Rippey, 2002; Rose et al., 2004; Pandelova et al.,
2009). PCBs detected in Dakar coastal area could be
originated from unintentionally atmospheric deposition,
released from equipment, generators, ships, vehiclesand
trucks exhaust in the surrounding zone but the their
origin could not be determined. Similarly, the specific
origin of mercury could not identified. It is a global
pollutant that is ubiquitous in the environment from both
natural and anthropogenic sources reaching the ocean
through river inputs and atmospheric deposition
(Fitzgerald et al., 2007). However, given their relatively
low concentration of mercury detected, the domestic
and industrial wastes discharged directly into Dakar Bay
have not yet produced environmental mercury
contamination in this coastal zone. Contrarily, two other
toxic metals such as cadmium and lead present at high
concentrations level in sediment of Dakar coastal (Diop
et al., 2012). For the ecotoxicological risk assessment,
concentrations of total PCBs or X, ,PCBs, sum of 12
PAHs or X ,PAHSs (Aen, Ayl, An, F, N, Pn, BaA, BaP, Ch,
DhA, Fl, Py) and total mercurywere calculated. The mean
concentrations of X, ,PAHs were 279 (6 - 507), 119 (2 -
298) and 18 (1.2 - 80) pg/kg dw for Rufisque,
Soumbedioune and Yarakh respectively. While X,,PCBs
mean concentrations detected in the sediments from
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Rufisque, Soumbedioune and Yarakh were 127 (57 - 332),
34 (16 -47)and 12 (4 - 22) pg/kg dw respectively. Total
mercury concentrations did not exceed 95 pg/kg dw.
Total mercury, X ,PAHs and X, PCBs concentrations
were compared to Sediment Quality Guidelines (SQGs)
which provide a valuable tool to evaluate the potential
biological adverse effect on aquatic organism caused
by contaminated sediments (Long et al. 1995). The ERL/
ERM (Effect range low/Effect range median) developed
by Long and Morgan (1990) and the TEL/PEL (threshold
effect level/Probable effect level) developed by
Macdonald et al., (1996) are two based approaches
which can be used to assess the ecological toxicity of
total PAHs and PCBs concentrations (Z,,PAHs and
2,,PCBs) in sediments collected from Dakar coastal in
Senegal. According to SQGs, the classification of
biological adverse effects are rarely expected (<ERL/
TEL) with minimal-effects range, occasionally (>*ERL/
TEL and <ERM/PEL) with possible-effects range, and
frequently (>ERM/PEL) with a probable-effects range
(Long etal., 1995; Cardellicchioet al., 2007). TEL-PEL
values were 655-6676 and 22-189 pg/kg dw for the XPAHs
and PCB, respectively (Macdonald etal., 1996). While
ERL-ERM were 4022-44792, 23-180 and 150-710 pg/kg
dw for the XPAHs, XPCBs and mercury, respectively
(Long and Morgan, 1990). Our results showed that
Dakar coastal sediments have rarely to occasionally
biological adverse effects for mercury, PCBs and PAHs
in Dakar aquatic ecosystems.

Overall, even if there isa strong influence of urban
and industrial activities in this coastal zone, sediment
contamination by PAHs, Me-PAHSs, PCBs, and mercury
were detected at moderate levels. This is probably due
to the tide which is responsible to the rapid renewal of
sea water, therefore sedimentation processes are not
preferred. Indeed, the coastline around Dakar is called
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Fig. 3. Mean (£S.D.) concentrations of total PCBs, PAHs, Me-PAHs and Hg in biota samples: A)
Soumbedioune station and B) Rufisque station

425



Accumulation of Pollutants in Aquatic Environment

microtidal, the tidal range which varies between 0.5 m
(neap period) and 1.6 m (during spring tides) (Ruffman
et al., 1977). This suggests that urban and industrial
waste discharged into Dakar coastal zones could be
diluted or transported rapidly seaward. Due to their high
toxicity, persistency and bioaccumulation capacities, the
concentration of these contaminants have been also
studied in marine organism in order to evaluate the quality
of edible species. Mean £S.D of individual concentration
of PAH, Me-PAH and PCB and mercury determined in
biota samples from all sampling stations of the Dakar
coastal area are shown in Table 1. Comparisons of targeted
compounds were significantly different between the
stations and between species. Considering all organisms,
the mean concentration of mercury varies between 5 and
442 nug/kgdw. Generally, muscle tissues of fishes exhibited
the highest concentrations of Hg compared to macroalgae
and invertebrate species. The highest levels of mercury
were detected in Soleasenegalensis from Soumbedioune
station (Fig. 3). Mercury levels measured in Sardinella
aurita were in the same order of magnitude compared to
the mean concentration values reported for the same
species collected along the coast of Mauritania in a
previous study at 90 + 80 pg/kgdw (Romeo et al., 1999).
For PCBs concentrations, the highest level was
determined in Perna perna species (up to 1228 pg/kgdw)
and the lowest level was found in Penaeus kerathurus
species. At the base of the food chain, Ulvalactula
species displayed low PCB concentrations (7 + 6 pg/kg
dw) while fish species exhibited mean values ranging
between 10 £ 20 pg/kgdw for Sardinella auritaand 95+
32 pg/kgdw for Sarotheroron melanotheron. Except for
Perna perna, Penaeus kerathurus and Sardinella aurita,
PCB concentrations were in the same range between
organisms and sediments while mercury concentrations
were higher in biota than sediment samples. Whereas,
PAH concentrations determined in edible tissues were
lower than sediment samples. This may be due to a rapid
transformation of PAHSs into more hydrophilic metabolites.
Therefore, marine organisms exposed to these compounds
indicate only trace quantities of PAHSs in their tissues
(Vuorinen et al., 2006). The concentration level in marine
organisms varied from species to species (Table 1 and
Fig. 3). This may be translated by behavioral patterns of
organisms such as feeding habit, the rate of movement
and reproduction status (Vuorinen et al., 2006). The
highest mean levels of PAHs and Me-PAHSs (92 + 54 and
183 + 39 pg/kg dw respectively) were detected in the tilapia
species, therefore the present study supports the idea to
use this species as a sentinel in order to monitor chemical
pollutants (Ndiaye et al., 2012; Harrison and Whitfield,
2006). Our results showed moderate accumulations of
PAHs and Me-PAHs in Mugilcephalus and
Soleasenegalensis. For these two families of organic
compounds, similar concentrations were determined in

426

biota samples collected from Soumbedioune and Rufisque
stations (Fig. 3). Rose et al. (2012) have reported the
concentration of ZPAHs in Tilapia guineensis obtained
from Lagos Lagoon of Nigeria at the same order level of
62.24 pg/kg dw. This result were the same order of
magnitude as the concentration of XPAHs in Tilapia
obtained in our study. Compared to other species of fish,
Mullus barbatus and Serranus cabrilla collected from
Tarragona of Mediterranean accumulated XPAHs at the
levels of 164.9 and 62.9 pg/kg dw respectively (Escartin
and Porte, 1999). Amodio-Cocchieri et al., (1993) reported
the concentration of ZPAHs in Engralis enchrasicholus
collected from the Bay of Naples of Italy at the level of
965 pg/kg dw. The highest concentration in fish have
reported by McGill et al. (1987) in Limanda limanda
collected from the British North Sea at the level of 2345
pg/kg dw. This concentration was much higher than
YPAHs concentration detected in four species selected
in our study. More recently, Abdolahpur Monikh et al.
(2014) have also reported the concentration of PAHs in
benthic, benthopelagic and pelagic fish species from the
Persian Gulf much higher than our results. X PAHSs
concentrations detected in targeted species were lower
compared to concentrations in sediment. However,
X ,PAHs concentrations were detected in all marine
species selected in this work. XMe-PAHSs was present at
low levels in the sediment samples (Fig. 2). However, their
concentrations were detected at higher levels in most of
marine species (Table 1; Fig. 3). The results clearly showed
that all species does not have the same affinity to each
type of contaminant. Generally, we observed the
bicaccumulation of these contaminants in marine species.
However, the bioaccumulation level varies strongly from
one species to another (Table 1; Fig. 3). Each species
accumulates at least two types of pollutants. Among
targeted species, both Sarotheroron melanotheron and
Perna perna accumulated all type of contaminants (PAHS,
Me-PAHSs, PCBs and mercury). The contamination level
of PCBs in Sarinella aurita and Penaeus Kerathurus
were under the detection limits (Fig. 3). For Yarakh station,
all targeted compounds were quantified in the sediments.
However, only mercury was quantified in marine species.
For marine species collected in Yarakh site, high levels of
mercury were detected in Sardinella aurita (71.6+23.3
pg/kg dw) and Sarotheroron melanotheron (71.3+28.0
pg/kg dw). Ulvalactula, Mugilcephalus, Perna perna,
Penaeus Kerathurus and Solea senegalensis species
accumulated levels of total mercuryat 40.7+5.6, 21.7+6.0,
49.0, 31.0, 15.7+3.0 pg/kg dw respectively. To estimate the
potential public health risks, the European Union
legislation has established maximum allowed levels in
aquatic products for different toxic compounds
including some PAHs, PCBs and mercury (Table 2).
PAHs, PCBs and mercury concentrations obtained in
dry weight (ug/kg dw) were converted into pg/kg wet
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weight (w.w.) in order to compare with the guideline
values. According to the weighed mass before and after
drying, the following factors were applied to obtain the
concentrations in wet weight: 0.23 for muscle of
Mugilcephalus, Sarotherodon melanotheron, Solea

senegalensis and edible tissue of Perna perna, 0.30 for
muscle of Sardinella aurita and 0.26 for Penaeus
kerathurus. Two limit values are listed for mercury
depending on the type of mussel and fish (Table 2). For
all species, mercury and PCBs levels do not show

Table 2. X PAHs, X PCBs and total mercury detected in this work (range and mean values into
brackets) compared to maximum admissible content expressed in pg/kg wet weight. n.d. = not
detectable (<LOQ)

Ulvalactula Perna Penaeus Sardinella | Mugilcephalus | Sarotheroron )
Compound | Sediment (green perna kerathurus aurita (mullet, melanotheron | Soleasenegalensis
algae) (mussel, (shrimp, (sardine, | bentho-pelagic |(tilapia, bentho-| (sole, benthic fish)
mollusks) | crustaceans) | pelagicfish) fish) pelagic fish )
Soumbedioune
PAHSs (ug/kg dw)
N 3.446.3 nd nd nd nd nd nd nd
Acy 6.7+8.9 0.5+0.0 1.9+1.4 1.9+0.3 1.3 0.5+0.3 6.5+0.9 0.840.1
Acn nd nd nd nd nd nd nd
F 4.245.7 0.410.2 1.5+2.0 0.3+0.2 0.9 nd 1.1+0.3 nd
An 25.7+35.1 1.4+2.8 0.2+0.4 nd nd 1.5+1.8 nd
Fl 3.247.1 0.5+0.7 3.745.7 nd nd nd 8.9+8.4 nd
BaA 63.3+86.8  0.3+0.0 22.749.2 35.2+6.1 24.2 9.6+3.5 4.7+2.2 6.319.6
Chr 6.4+12.9 0.3+0.0 5.4+4.7 4.3+0.7 2.9 1.2+0.4 6.9+3.1 1.3+0.9
BaP nd nd nd nd nd nd nd nd
Pn 1.6+3.6 1.8+0.6 3.1+1.7 0.210.2 nd nd 5.445.1 nd
BbF 33.74#35.5  0.3%0.0 11.6+16.7 nd nd nd 32.2+28.1 0.3+0.2
BkF 245+33.4  0.3%0.0 1.5+3.3 nd nd nd 11.8+15.0 0.3%0.2
Bghi nd nd nd nd nd nd nd nd
DhA nd nd nd nd nd nd nd nd
IP nd nd nd nd nd nd nd nd
Py 4.545.5 0.910.6 5.6+7.4 1.6+0.2 0.7 0.3#0.1 13.1+4.2 0.6+0.3
Me-PAHSs (ug/kg dw)
1M-Na 2.9+2.6 3.9+3.6 6.916.3 17.6+9.1 nd 4.05.7 28.2+31.9 nd
2M-Na 1.0+1.1 2.843.0 3.1#5.2 4.1+7.7 nd 0.1+0.1 38.4+30.7 nd
1,2-DM-Na  2.4+1.7 4.4+4.0 9.6+3.5 17.6+8.7 nd 6.2+1.9 27.5+31.0 9.5+1.2
1,6-DM-Na  2.7+2.0 5.846.8 7.1+11.4 8.4+17.3 nd 0.7£0.3 84.7+69.4 0.610.3
2,6DM-Na 0.9+1.0 1.2+0.0 1.6+1.1 0.6+1.0 nd 0.410.5 4.7+2.2 0.7£0.4
1M-Pn nd 0.7+£0.2 nd nd nd nd nd nd
2M-Pn 1.2+2.7 1.8+0.5 nd nd nd nd nd nd
3M-Pn nd 2.1+0.4 nd nd nd nd nd nd
IM- 1.4+3.1 1.3+0.6 nd nd nd nd nd nd
Pn+2Me-An
1,7DM-Pn 1.7+3.8 0.9+1.3 nd nd nd nd nd nd
Retene 0.8+1.8 nd 11.9+22.7 1.6+1.0 nd nd nd nd
1M-FI nd nd 1.2+2.7 nd nd nd nd nd
3M-FI nd nd 5.5+12.3 nd nd nd nd nd
1M-Py nd nd 6.6+14.7 nd nd nd nd nd
4M-Py nd nd 3.618.2 nd nd nd nd nd
3M-Ch nd nd 3.918.6 nd nd nd nd nd
6M-Ch nd nd 6.1+13.5 nd nd nd nd nd
PCBs n° (ug/kg dw)
8 8.1+5.3 4.1+1.2 nd nd nd nd nd nd
18 3.445.7 nd nd nd nd nd nd nd
28 0.8+1.2 0.910.2 nd nd nd nd 5.545.5 nd
44 nd nd 0.9+1.1 nd nd nd 1.6+2.7 0.9+1.0
52 nd nd 7.4+7.6 nd nd nd 2.0+3.5 nd
66 6.4+14.1 nd 4.1+6.1 nd nd nd nd 2.3+4.0
77 nd nd 42.4+94.8 nd nd nd nd 15.0+18.2
81 nd nd nd nd nd nd nd nd
101 nd nd 14.4+21.9 nd nd 4.746.7 125+12.4 0.8+1.4
105 2.7+3.5 nd nd nd nd nd nd nd
114 nd nd 88.3+197.4 nd nd 13.3+5.4 44.3+76.7 nd
118 1.2+2.4 nd 5.6+8.0 nd nd nd nd nd
123 2.5+5.3 nd nd nd nd nd nd nd
126 nd nd nd nd nd nd nd nd
128 nd nd nd nd nd nd nd nd
138 0.8%1.5 4.0+1.1 54.4+116.8 nd nd 35.3+42.8 nd 8.817.6
153 1.4+0.6 nd 42.1+61.1 nd nd 27.0+19.3 7.7+13.4 1.048.5
156 nd nd nd nd nd nd nd nd
157 nd nd nd nd nd nd nd nd
167 nd nd nd nd nd nd nd nd
169 nd nd nd nd nd nd nd nd
170 nd nd 23.7+£37.5 nd nd 2.4+3.3 nd 4.5+4.1
180 nd nd 5.7¢5.5 nd nd 24.3+£19.3 nd nd
187 nd nd nd nd nd nd nd nd
189 2.7+6.0 nd nd nd nd nd nd nd
195 2.3+4.2 4.1+0.7 nd nd nd 2.9+4.1 17.0£29.5 3.245.4
206 nd nd nd nd nd nd nd nd
209 nd nd nd nd nd nd nd nd
Total mercury (ug/kg dw)
Mecury 32.0£35.0 36.0+15.0 58.8+11.3 37.6+9.2 128.0+0.0 58.7+17.1 119.749.3 393.7455.5
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concentrations exceeding limits fixed by the European
Union. In addition, the levels of these compounds in
the investigated area were low compared with these
threshold values. Concerning PAHS, the proposed limit
values are for smoked products of fish and crustacean
species because recently the European legislation (Official
Journal of the European Union, 2011) abrogated the limit

of PAHSs in these fresh seafood because it has been shown
that PAHs are quickly metabolized in these species (Storelli
etal., 2013). In our study, limit level (30 pg/kg wet weight)
was exceeded only in a Sardinella aurita sample with a
muscle tissue concentration of 34 pg/kg wet weight. Based
on European legislation, the selected species present good
quality for food based on PCBs, PAHs and mercury.

Continue Table 2

Ulvalactula Perna Penaeus Sardinella | Mugilcephalus | Sarotheroron )
Compound | Sediment (green perna kerathurus aurita (mullet, | melanotheron | Soleasenegalensis
algae) (mussel, (shrimp, (sardine, | bentho-pelagic |(tilapia, bentho-| (sole, benthic fish)
9 mollusks) | crustaceans) | pelagicfish) fish) pelagic fish)
Rufisque
PAHSs (ug/kg dw)
N 2.8+1.7 nd nd na nd nd na nd
Acy 10.948.8 0.440.1 0.740.1 na 3.7+1.6 0.440.4 na 1.3+0.0
Acn nd nd nd na nd nd na nd
F 7.646.1 0.31+0.1 0.310.2 na 1.942.2 0.310.1 na 0.1+0.0
An 76.2476.3  0.1+0.2 2.1+0.1 na 9.646.2 0.5+0.7 na 0.741.1
Fl 14419 0.4+0.7 0.940.6 na 3.145.3 nd na nd
BaA 117.0£95.0 7.2+2.2 13.3+1.3 na 68.0+30.2 11.3+1.2 na 0.840.2
Chr 0.1+0.2 0.940.3 1.6+0.4 na 8.313.7 1.440.1 na 0.840.2
BaP nd nd nd na nd nd na nd
Pn 83.3+186.3  2.2+0.6 2.9+15 na 7.67.6 15415 na nd
BbF 68.9+46.3 nd nd na nd nd na 0.74£0.0
BkF 4794322  1.0+1.8 nd na nd nd na 0.74£0.0
Bghi nd nd nd na nd nd na nd
DhA nd nd nd na nd nd na nd
1P nd nd nd na nd nd na nd
Py 3.643.1 1.0+0.7 0.440.1 na 5.145.7 0.60.2 na 1.1+0.2
Me-PAHSs (ug/kg dw)
1M-Na 2.2+1.3 7.247.5 8.640.8 na 35.9+43.3 7.5+0.4 na 10.846.9
2M-Na 0.1+0.1 29425 0.440.2 na 12.9+12.7 0.440.1 na 4.316.6
1,2-DM-Na  2.4+1.4 35.445.5 8.0+0.9 na 33.8+40.3 7.240.5 na 5.847.0
1,6-DM-Na  0.240.2 6.845.6 2.1+0.5 na 26.6+32.5 0.540.1 na 9.2+15.3
2,6DM-Na nd 2.542.2 1.440.3 na 5.440.3 0.840.3 na 0.6+0.7
1M-Pn nd nd nd na 3.645.0 nd na nd
2M-Pn nd nd nd na 5.0+7.1 nd na nd
3M-Pn nd nd nd na 6.849.6 nd na nd
9IM- nd nd nd na nd nd na nd
Pn+2Me-An
Retene nd nd nd na nd nd na nd
1,7DM-Pn 0.6+1.4 0.2+0.4 nd na nd nd na nd
1M-FI 0.1+0.1 nd nd na 24434 nd na nd
3M-FI nd nd nd na nd nd na nd
1M-Py nd nd nd na nd nd na nd
4M-Py 0.1+0.1 nd nd na nd nd na nd
3M-Ch nd nd nd na nd 0.7+1.2 na nd
6M-Ch nd nd nd na nd 0.440.6 na nd
PCBs N° (ug/kg dw)
8 15.849.3 nd nd na nd nd na nd

18 15429 nd nd na nd nd na nd

28 2.0+2.3 nd nd na nd nd na 0.8+1.1

44 nd nd nd na nd nd na nd

52 nd nd nd na nd 0.940.9 na nd

66 nd nd nd na nd nd na nd

7 nd 4.446.2 nd na nd nd na nd

81 nd nd nd na nd nd na nd

101 5.346.0 nd nd na nd 1.0+0.9 na 1.5+1.9

105 5.549.2 nd nd na nd 1.141.9 na nd

114 34455 0.8+0.6 6.849.6 na nd nd na nd

118 3.213.0 nd nd na nd nd na nd

123 2.0+1.3 nd nd na nd nd na nd

126 4.948.2 nd 6.749.5 na nd nd na nd

128 1.0+£2.1 nd nd na nd nd na nd

138 1.04£2.2 nd nd na nd 3.440.7 na 10.8+16.3

153 0.240.3 nd 15421 na nd 3.4+1.2 na 3.8454

156 nd nd nd na nd nd na nd

157 24454 nd nd na nd nd na nd

167 31.0469.3 nd nd na nd nd na nd

169 nd nd nd na nd nd na nd

170 1.0+1.4 nd nd na nd nd na 1.7+2.6

180 6.3+11.6 nd nd na nd 0.940.8 na 12.1424.1

187 nd nd nd na nd nd na nd

189 32.8+42.4 nd nd na nd nd na nd

195 7.6+11.0 nd nd na 13.7+23.8 nd na 0.8+1.6

206 nd nd nd na nd nd na nd

209 nd nd nd na nd nd na nd

Total mercury (ug/kg dw)

Mercury 10.045.0 5.6+1.4 39.048.0 na 49.749.3 17.0+£1.0 na 38.7+16.8
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CONCLUSIONS

Our study provide a data base about the organic
contamination levels of PCBs, PAHs, Me-PAHs and total
mercury in sediments and marine organisms obtained from
Dakar coastal zone. The distributions of PAHs and Me-
PAHs suggested that their sources were mainly originated
from pyrolytic origin of nearby activities. The evaluation

of ecotoxicological risk based on SQGs suggested that the
biological adverse effects of PAHs, PCBs and total mer-
cury are expected from rarely to occasionally for marine
organisms. However, even if the impact of this type of
pollution is moderate, it is now urgent to adopt adequate
pollution control strategies into this coastal area before
the problem become irreversible given the high density

Continue Table 2
Ulvalactula Perna Penaeus Sardinella | Mugilcephalus | Sarotheroron )
Compound | Sediment (green perna kerathurus aurita (mullet, | melanotheron | Soleasenegalensis
algae) (mussel, (shrimp, (sardine, | bentho-pelagic |(tilapia, bentho-| (sole, benthic fish)
mollusks) | crustaceans) | pelagicfish) fish) pelagic fish )
Yarakh
PAHSs (ug/kg dw)
N nd na na na na na na na
Acy 0.2+0.0 na na na na na na na
Acn 1.2+1.8 na na na na na na na
F nd na na na na na na na
An nd na na na na na na na
Fl 5.38+11.7 na na na na na na na
BaA 1.3+2.6 na na na na na na na
Chr 1.7£2.5 na na na na na na na
BaP nd na na na na na na na
Pn 0.9+0.8 na na na na na na na
BbF 0.7+£1.0 na na na na na na na
BkF nd na na na na na na na
Bghi nd na na na na na na na
DhA nd na na na na na na na
IP nd na na na na na na na
Py 6.8+14.2 na na na na na na na
Me-PAHSs (ug/kg dw)

1M-Na 1.7+1.4 na na na na na na na
2M-Na 0.9+1.4 na na na na na na na
1,2-DM-Na  1.7#1.1 na na na na na na na
1,6-DM-Na  3.1+2.7 na na na na na na na
2,6DM-Na 0.7+0.9 na na na na na na na
1M-Pn 0.6+1.2 na na na na na na na
2M-Pn 0.2+0.2 na na na na na na na
3M-Pn 0.4+0.6 na na na na na na na
IM- 1.7£1.6 na na na na na na na
Pn+2Me-An

Retene nd na na na na na na na
1,7DM-Pn nd na na na na na na na
1M-FI nd na na na na na na na
3M-FI nd na na na na na na na
1M-Py 1.4+3.1 na na na na na na na
4M-Py 0.3+1.0 na na na na na na na
3M-Ch nd na na na na na na na
6M-Ch nd na na na na na na na

PCBs n° (ug/kg dw)
8 24454 na na na na na na na
18 0.8+0.5 na na na na na na na
28 nd na na na na na na na
44 nd na na na na na na na
52 nd na na na na na na na
66 nd na na na na na na na
7 3.2+3.6 na na na na na na na
81 nd na na na na na na na
101 1.6+1.8 na na na na na na na
105 nd na na na na na na na
114 nd na na na na na na na
118 1.0£2.2 na na na na na na na
123 nd na na na na na na na
126 nd na na na na na na na
128 nd na na na na na na na
138 0.9+0.9 na na na na na na na
153 1.5+£1.3 na na na na na na na
156 nd na na na na na na na
157 nd na na na na na na na
167 nd na na na na na na na
169 nd na na na na na na na
170 0.8+0.7 na na na na na na na
180 nd na na na na na na na
187 nd na na na na na na na
189 nd na na na na na na na
195 nd na na na na na na na
206 nd na na na na na na na
209 nd na na na na na na na
Total mercury (ug/kg dw)
Mercury  26.0+11.0 40.745.6 49.04£0.0 31.040.0 71.6+23.3 21.746.0 71.3+28.0 15.7+3.0
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of population in this zone and continuous discharges of
domestic and industrial effluents for most case without
any treatment. Indeed, most of domestic and industrial
waste waters are rejected directly into the sea and these
permanent anthropogenic discharges can produce envi-
ronmental and ecological degradation in the coastal zones.
Moreover, the tide is quiet important in this coastal zone
leading to a significant transport process of pollutants out
to the sea. Particular attention must be paid to the chemi-
cal levels in edible marine organisms consumed by local
population. Fish and invertebrates consumption remain
the major source of protein for the residents in Dakar area.
The result on the contamination level of PCBs, PAHs, Me-
PAHs and total mercury in marine comestible species
showed rarely to occasionally impact on aquatic organ-
isms and no significant impact on human health by con-
suming targeted species namely mussel, crustacean, sole,
sardine, tilapia, and mullet sampled from these coastal
areas of Dakar. However, given the only few data avail-
able on the degree of contamination levels in these ma-
rine species and before making any final conclusion, it is
strongly recommended to carry out complementary stud-
ies on these comestible species and others.
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