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Abstract

The Oued Souss river drains an agricultural region with intense use of pesticides. In order to assess the organochlorine
pesticides (OCPs) contamination in Oued Souss estuary, surface sediment and Neries Diversicolor samples are collected,
seasonally, between July 2007 and June 2008. Ten OCPs residues are detected in this ecosystem: Endosulfan A,
Endosulfan B, Endosulfan S, Dichlofluanide, Fenarimol , Tetradifon, Lambda-Cyalothrin, vinclozolin, Lindane and
Dichlofluanide. Total OCPs in sediment oscillate between 82.6 and 4058.70 ng/g dw (dry weight). In Neries Diversicolor ,
the values are situated between 192.68 and 6949.68 ng/ g dw. Seasonal variations are noted in the surface sediment as well
as in the Neries Diversicolor. These variations of contaminant concentrations can be explained by the reproductive cycle
and also by the seasonal use of pesticides in agriculture. In fact these products are used mainly in spring.
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Introduction

Oued Souss, Main River of southern Morocco, has an important ecological and socio-economical role [1].
Moreover, its estuary constitutes an important biotope for avifauna, particularly migratory birds and is included
in the list of wetlands protected under the Ramsar Convention. It is also a part of the Souss Massa National
Reserve and contents a lot of endemic flora and fauna [2]. However, Souss river crosses one of the more modern
and productive agriculture areas in the Morocco, whose products are destined to a large market [3]; [4].
Considering that this activity use a lot of pesticides in different cultures, Souss river drains probably a part of
these chemicals to the estuary and marine ecosystems. The present study propose to evaluate the level
contamination of organochlorine pesticides (OCPs) in Oued Souss estuary ecosystems. These chemicals are
typical toxic and bioaccumulative persistent organic pollutants (POPs). The coastal environment is particularly
under the risk from the effects of contamination by these pollutants [5]. They are degraded with difficulty and
can be transported for long distances [6], and may be associated with organic matter of sediments [7]; [8].
Consequently, the marine sediment is one of the most important reservoirs of these contaminants [9]; [10], what
constitutes a risk to organisms of this ecosystems especially those living buried in the sediment. These
organisms possess, in diverse degrees, the property to absorb weak tracks of pesticides contained in water and
sediment. They are accumulated in diverse organs, especially in liver and fatty tissues of carnivores situated at
the top of the trophic webs [11].

Aiming to evaluate the concentration levels of organochlorine pesticides in Oued Souss estuary, we use
in the present study, two principal compartments of this ecosystem: sediment and a polychaete, Nereis
diversicolor, who is detritivorous and feeding from sediment. This specie is perfectly adapted to estuarine
ecosystem [12] and plays a very important role in estuarine food webs, it is a principal prey species for
crustaceans, fishs and birds [13], [14]. It is characterized by its capacity to tolerate high salinity variations and to
resist to stress. Many monitoring programs of chemical pollution are using N. diversicolor as bioindicator
particularly for the assessment of pesticides pollutants effects in estuarine ecosystems [15].
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This work is also undertaken to complete the investigations of our laboratory in Oued Souss estuary
which is an ecosystem of highly ecological and socio-economic importance. In fact, our precedent studies in
this ecosystem concerned the physico-chemical of water and sediment, [16]; [17]; [18]; [19], Microbiological
pollution [20], macroinvertebrates community structure [21], Biology and population dynamics of some species
[19]. The present study constitutes a contribution in the pesticides contamination assessment of the ecosystem.

2- Materials and Methods

2.1. Study area and sampling

All samples of sediments and Neries diversicolor were collected from the estuary of Oued Souss between July
2007 and June 2008. The location site (30°21,858'N ; 009°35,303'W ), situated at two kilometres from the
Atlantic Ocean, is shown in the Figure 1. Collected samples were stored in a cooler box with ice and
immediately transported to the laboratory, where they were frozen at -20 C° until extraction.
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Figure 1: Sampling stations of Oued Souss estuary

2.2. Extraction and cleanup

2.2.1 Organisms sample

All samples of Neries diversicolor were freeze dried. Approximately 10 g (dry Weight) were Soxhlet-extracted
for 8 hours, using 250 ml of n-hexane. The Soxhlet extracts containing organochlorine residues were
concentrated to 5 ml volume on a rotary evaporator at 40 C° and treated with concentrated sulfuric acid (H,SO,
at 40%). The extracts were subjected to clean-up procedures in glass-wool plugged columns of height 60 cm
and 1 cm in diameter containing 18 g of florisil, topped with a 2 cm layer of anhydrous sodium sulphate
(Na;SQy). The first fraction was obtained by eluting the sample with 70 ml of hexane; this fraction contained
mainly PCBs, HCB, DDE and Aldrin. The second fraction was obtained with 50 ml of a freshly prepared
mixture of 70:30 hexanes: Dichloromethane (DCM) and it contained DDD, DDT, and HCH. The third fraction
containing Endrin and Dieldrin was eluted with 40 ml of DCM and this fraction was recovered only from the
aliquot of the sample extract not treated with concentrated sulphuric acid, since H2SO4 destroys Dieldrin and
Endrin. All fractions were further concentrated to about 1 ml and analyzed by gas chromatography equipped
with an electron capture detector (GC-ECD). Lipid content was determined according to the method of Marsh
and Weinstein [22].
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2.2.2 Sediment sample

Sediment samples were homogenized and freeze-dried. Approximatively 20 g of dried and homogenized
sediment samples were extracted for 8 h in a Soxhlet apparatus with 250 ml of n-hexane. The extract was
concentrated up to a volume of about 2-3 ml and on a rotary evaporator at 40 °C, the mercury were added to the
collection flask to remove elemental sulfur. A florisil column was used to clean up and fractionate the extract,
and the OCPs were eluted with 70 ml of n-hexane, the second fraction with 50 ml of hexane/ dichloromethane
(2:1). All fractions were further concentrated to about 1-2 ml with a rotary vacuum evaporator and at 1ml under
a gentle gas stream of purified nitrogen and analyzed by gas chromatography (GC-ECD). 10g of dried
sediments were heated at 500°C for about 6 h to determine organic matter.

2.3. Compounds Identification

An HP7890 gas chromatograph equipped with two Ni electrons captures detectors (GC-ECD) was used for
detecting the organochlorine levels. 1uL of each samples and a blank extract were injected, separately, into the
GC. For every five injections made, the GC programmed conditions were calibrated by injecting 1L of hexane.
Quantification was achieved by comparing the peak areas of sample injections with those of the 17 standards
analyzed under the same conditions. ANOVA analysis was performed with the Statistica Software, version
6.00.

3. Results and discussion

3.1. Concentrations of pesticides residues and organic matter in sediment:

Since the hydrophobic properties of the organochlorine pesticides (OCPs) and the influence of the organic
matter on the accumulation in the sediment of these compounds [23], we measure the organic matter content for
each sediment sample.

The residual concentrations of the organochlorine pesticides (OCPs) and organic matter in sediments are
summarized in Table 1. The total concentration of organochlorine pesticides in sediments has a wide range of
fluctuations, from 82.6 ng/g dry weight in summer 2008 to 4658.70 ng/g dry weight in autumn 2007. Among
organochlorine pesticides the Tetradifon is the most abundant residue in sediment samples, with concentrations
varying between 82.6 - 213,07 ng/g dw followed by Fenarimol (nd - 11.30 ng / g dw), vinchlozolin ( nd —
206,41 ng/g dw ) and lambda Cyalothrin (nd — 56.4 ng/ g dw). Lindane is detected at the highest level at
Autumn 2007 (3834.33ng/g dw). Other OCPs, like dichlofuanide and endosulfans (A, B and S), are not
detected. An ANOVA analysis shows statistically significant differences (P < 0.05) between summer, winter
and spring 2008 data compared to Autumn value. The organic matter content in sediment showed a variation
along the sampling period. The highest value is found at winter 2008 (15.18%). While the lowest is found at
summer 2007 (8 .58%).

Table 1 : Concentrations of OCPs and organic matter contents in surface sediments of Oued Souss estuary

Pesticides (ng g dw) Summer 07 Autumn 07 Winter 08 Spring 08 summer 08
Dichlofluanide ND ND ND ND ND
Endosulfan A ND ND ND ND ND
Endosulfan B ND ND ND ND ND
Endosulfan S ND ND ND 70.00 ND
Fenarimol 78.50 11.30 ND ND ND
Lindane ND 3834.33 290.72 ND ND
Tetradifon 34.70 213.07 10.36 11.80 82.60
Vinclozolin ND ND ND 206.41 ND
Lambda-Cyalothrin ND ND ND 56.40 ND
Total pesticides (ng g "dw) 113.20 4058.70 301.08 344.61 82.60
Organic matter (%) 8 .58 12.61 15.18 14.67 13.82

Nd : not detected

3. 2. Organochlorine pesticides and content of lipid in Nereis diversicolor
As the lipid content play an important role in the bioaccumulation of organic contaminants such as the
organochlorine pesticides [11], we determined the lipid concentration in each N. diversicolor sample.
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The table 2 illustrates the concentrations of OCPs and content of lipid in Nereis diversicolor. Total

concentrations of OCPs ranged from 192.68 to 6949.68 ng/ g dw. The highest concentrations are found at spring
2008 (6949.68 ng/g dw). While the lowest concentration is found at summer 2008 (192.68 ng/g). Dichlofluanide
is detected at the highest level (nd-3850.27 ng g * dw), followed by Vinchlozolin ( nd — 2934,72 ng g* dw),
Endosulfan S ( nd — 1996,75 ng g dw ), Lindane (52.3 - 1264.02 ng g * dw), Tetradifon (nd — 977.20 ng g *
dw), and Endosulfan A (11.3 - 829.90 ng g * dw). Fenarimol and endosulfan B, are respectively detected only
in winter and spring (127.62 ng g * dw and 16.14 ng g * dw). ANOVA analysis shows that OCPs concentrations
are significantly higher (P<0.05) in spring 2008. Lipid concentrations indicate seasonal fluctuations, the
maximum concentration are observed in spring 2008 (0.318 g g™dw) although the minimum concentrations are
found at autumn 2008 (0.026 g g™dw).
Our study has shown that the Oued Souss estuary is contaminated by organochlorine pesticides throughout the
whole study period. The analysis of N. diversicolor samples reveals that OCPs concentrations are higher during
spring. While, in estuary sediment, the highest concentrations are observed in autumn compared to other
seasons.

Table 2 : Lipid contents and OCP residues in N. diversicolor of Oued Sous estuary .

Pesticides (ng g "dw) Summer 07 Autumn 07 Winter 08 Spring 08 Summer 08
Dichlofluanide ND 267.71 3850.27 ND 37.78
Endosulfan A 829.90 17.3 30.02 740.05 11.3
Endosulfan B ND ND 127.62 ND ND
Endosulfan S 224.08 ND 36.20 1996.75 ND
Fenarimol ND ND ND 16.14 ND
Tetradifon 888.38 26.66 977.20 ND 42.6
Vinclozolin 1073.64 ND 170.39 2932.72 34.3
Lindane 448.25 52.3 60.33 1264.02 66.7
Total pesticides (ng g ‘dw) 3464.25 363.97 5252.03 6949.68 192.68
Lipid(g g™*dw) 0.109 0.053 0.111 0.318 0.026

(ND : not detected; DW: dry Weight)

The high concentrations of pesticides in the sediment surface are caused by the input from agricultural
activity in Souss Massa region and the discharged of wastewater in this estuary. The accumulation of OCPs in
sediments is a complex process influenced by chemical properties of the matrix, the partition coefficients of
individual compounds, and the organic content of sediment particles [24]. In fact, the organic carbon
concentration may modified the capacity of sediments to absorb the lipophilic organochlorine [7,8]. The high
concentrations of lindane recorded in autumn and winter reflect the recent use of lindane. Compared to other
regions of the world, the lindane concentrations in Souss river estuary sediment is higher (319.5 ng g ‘dw) than
those from Wu-shi estuary (3.78 ng g ‘dw) [25], Quanzhou Bay (1.63 ng g ‘dw) [26], Ulsan Bay (0.64 ng
g 'dw) [27] and Qiantang River (44.10 ng g ‘dw) [28]. The presence of fenarimol could be attributed to the use
of this matter against the oidium (disease affects the tomato) product to treat tomatoes belated during the period
of strong heat July and August (summer) [29]. Lambda-Cyalothrin is used during periods between March and
April. The presence of the tetradifon during all sampling season could be related to the most intense use of this
product in Souss Massa region.

The higher concentrations were observed at Nereis diversicolor in spring 2008. It was the results of the
increased agricultural runoff which characterized Souss Massa region and the persistence of these pesticides in
the environment and the consequence of their chemical stability. Seen their liposolubility, they have a big
tendencies to accumulate in lipid tissue of the aquatic species [30]. The higher concentrations of OCP residues
are accompanied by higher lipid contents (Table 2). These lipids play a key role in the bioaccumulation
depending on the age, the affinity of the chemical pollutant for tissues of the organisms [11]. Concentrations of
lindane were higher detected because of its higher tendencies to accumulate in fatty tissue. For samples of N.
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diversicolor from Souss river estuary, the means concentration of lindane (365,9 ng g *dw) is higher than those
measured in bivalves of other regions in the world (Quanzhou Bay : 0.19 ng g 'dw [31] ; 29 ng g "dw [32].

The obtained result seems to be correlated with the cycle of reproduction because the pesticides are
detected simultaneously with the spawning period (spring) determined for this specie by Ait Alla et al., [19].
Besides the biological or ecological characteristics of the organisms examined, the physicochemical properties
of certain compounds, may also contribute to OCPs bioaccumulation in aquatic organisms [11,33,34]. The
occurrence of pesticides should be related to the application period and raining conditions and the most intense
use of OCPs in the Souss Massa region is in March to July for tomatoes pest control. Other applications are
given out on citrus plantations during spring and summer. Some pesticides are determined in the tissues of
Neries diversicolor and not in the sediment; this may be explained by the agquatic organism capacity to absorb
weak traces of pesticides contained in water and to concentrate them in their tissues [35].

Conclusion

This work provided the first systemic data on the contamination status of OCPs in Oued Souss estuary. The
analyses of contamination of OCPs in surface sediments and Neries diversicolor show high concentrations
residues of OCPs in Oued Souss estuary. This is due essentially to the excessive agricultural use of pesticides.
The seasonal variation distributions of OCPs in this ecosystem are generally influenced by the hydrological
characteristic of Souss River, the biological cycle of the studied organism. The present study reveals the link
between the use of pesticides in Souss Massa region and the contamination of coastal ecosystems nearby the
agricultural areas. This monitoring study contributes to enhance the scientific information about the
organochlorine pollutants concentrations in Atlantic coastline. Our results show the necessity to establish an
assessment of the estuarine biological resources, in order to evaluate the bioaccumulation of OCPs in the food
web and the associated risks to the Oued Souss estuary ecosystems and human health.
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