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Introduction

Alongside the greenhouse gases leading to climate warming, the pollution of the earth's surface does contribute as one of the main components of the global change. The entering into the newly called Anthropocene, characterized by man's predominant influence on the earth system, including the global dispersion of different types of pollutants in all the environmental compartments, represents a major concern for environmental and human health. In particular, the management of coastal areas is becoming a growing issue.

Mangrove forests are one of the most threatened world's coastal ecosystems acting as a fragile connection between marine and fresh water ecosystems [START_REF] Maiti | Effects of Anthropogenic Pollution on Mangrove Biodiversity: A Review[END_REF][START_REF] Duke | Mangroves[END_REF]. They provide numerous ecosystem services ranging from habitats, food, nursery and breeding areas to marine and arboreal life, firewood, timber and non-timber forest products to local populations. Besides, they play an important role in nutrient cycling, pollution sink, stabilization and protection of coastlines from tsunamis and hurricanes [START_REF] Ajonina | Current status and conservation of mangroves in Africa: an overview[END_REF][START_REF] Pernot | Ecosystem services and mangroves in Qatar: preservation issues[END_REF]. Anthropogenic pressure on mangroves, such as pollution, deforestation, dam, has risen over the years [START_REF] Maiti | Effects of Anthropogenic Pollution on Mangrove Biodiversity: A Review[END_REF] and modify the functioning of mangroves. Beyond the preservation aspect, this may act as an opportunity to use them as biological indicators of anthropogenic pressures, in particular for water quality.

In this trend, two compartments of the mangrove are generally examined: the mangrove stand and the sediment. Sediments that accumulate in mangroves are potential sinks of anthropogenic pollution due to high total organic content, anaerobia, rapid turnover and burial (bioturbation) [START_REF] Raza | Composition and source identification of polycyclic aromatic hydrocarbons in mangrove sediments of Peninsular Malaysia: indication of anthropogenic input[END_REF][START_REF] Tam | Concentrations of PCBs in coastal mangrove sediments of Hong Kong[END_REF][START_REF] Vane | Organic and metal contamination in surface mangrove sediments of South China[END_REF]. Contaminated sediments can further act as chronic sources of pollution.

Actually, contaminants can be remobilized by microorganisms, consumed and retained the benthos and consequently biomagnified through aquatic food chains to higher trophic levels [START_REF] Minh | Pollution sources and occurrences of selected persistent organic pollutants (POPs) in sediments of the Mekong River delta, South Vietnam[END_REF][START_REF] Ross | Integrated Human and Ecological Risk Assessment: A Case Study of Persistent Organic Pollutants (POPs) in Humans and Wildlife[END_REF]. Hence, the assessment of contaminant levels in mangrove sediments could provide essential information on the chemical status and ecological risks linked.

Since the 2000's, several researchers pointed out the occurrence of diverse organic and inorganic anthropogenic contaminants including pharmaceutical products, endocrine disruptors, industrial chemicals and pesticides in mangrove compartments worldwide [START_REF] Net | Overview of persistent organic pollution (PAHs, Me-PAHs and PCBs) in freshwater sediments from Northern France[END_REF][START_REF] Kouzayha | Occurrence of Pesticide Residues in Lebanon's Water Resources[END_REF][START_REF] Maiti | Effects of Anthropogenic Pollution on Mangrove Biodiversity: A Review[END_REF][START_REF] Bayen | Occurrence, bioavailability and toxic effects of trace metals and organic contaminants in mangrove ecosystems: A review[END_REF][START_REF] Lewis | Fate and effects of anthropogenic chemicals in mangrove ecosystems: A review[END_REF][START_REF] Bayen | Persistent organic pollutants in mangrove food webs in Singapore[END_REF][START_REF] Zheng | Concentrations of Persistent Organic Pollutants in Surface Sediments of the Mud¯at and Mangroves at Mai Po Marshes Nature Reserve, Hong Kong[END_REF]. But, the lack of data on contaminant levels in African aquatic ecosystems is often noted (Gioia et al., 2014, Ssebugere et al. 2019, Fernandez et al. 2007, Brits et al., 2016). African mangrove covers, however, about 3.2 million hectares (i.e. 20 % of total global mangrove area), making it the second largest worldwide mangrove ecosystem, following Asia (42 %) [START_REF] Giri | Status and distribution of mangrove forests of the world using earth observation satellite data: Status and distributions of global mangroves[END_REF]. Among other anthropogenic pressure and threats, they suffer in the last decades intense pollution due to large urban and harbour centres rapidly grown in their vicinity (Lagos and Port Harcourt, Nigeria; Douala, Cameroon; Monbassa, Kenya; Abidjan, Ivory Coast; Dar Es Salaam and Tanga, Tanzania; Dakar, Senegal; Durban, South Africa; Djibouti, Djibouti; Suez Canal and Alexandria , Egypt; Tangier, Morocco; Port Luanda, Angola; Takoradi and Tema Harbour, Ghana). Rapid population growth and recent expansion of cities with inadequate planning and environmental management facilities fostered increasing input of various contaminants in the environment, including the Persistent Organic Pollutants (POPs) through urbanisation, agriculture and industrialization [START_REF] Kaiser | Profiles and inventories of organic pollutants in sediments from the central Beibu Gulf and its coastal mangroves[END_REF]. POPs are defined as compounds with toxic properties, a proven resistance to degradation, long-range transport and bioaccumulation potential in fatty tissues of living organisms [START_REF] Jones | Persistent organic pollutants (POPs): state of the science[END_REF][START_REF] Lu | Concentration Levels and Ecological Risks of Persistent Organic Pollutants in the Surface Sediments of Tianjin Coastal Area, China[END_REF]. Most of the 12 POPs initially listed in 2001 in annex A (for instance dieldrin, heptachlor, endrin, lindane) were prohibited from the 1970s and 1980s in Europe and North America, but their bans in Africa occurred only recently in signatory countries of the Stockholm Convention. Other POPs are under restriction of production and usage (Annex B, for instance DDT, perfluoro compounds) or under measures to limit their unintentional release (Annex C, for instance PCB,).

The present study focuses on the Wouri Estuary Mangrove (WEM) surrounding the Douala city, Cameroon. It follows a previous study carried out [START_REF] Fusi | Ecological status and sources of anthropogenic contaminants in mangroves of the Wouri River Estuary (Cameroon)[END_REF] at two stations in the Wouri estuary (Bois des singes and Wouri Bridge) on macrobenthos (molluscs and crabs), assessing the ecological status and level of chemical pollution by anthropogenic contaminants, namely DDT and its metabolites US EPA Priority Polycyclic Aromatic Hydrocarbons (PAHs) (L. Keith, 2014), which belongs to the unintentionally produced POP [START_REF] El-Shahawi | An overview on the accumulation, distribution, transformations, toxicity and analytical methods for the monitoring of persistent organic pollutants[END_REF]. Though not classified as POPs, among the 22 CLPs targeted, 2 Organophosphorus Pesticides (OPPs: chlorpyrifos, chlorfenvinphos) and 2 Chloroacetamide Herbicides (CAHs: alachlor, metolachlor) were investigated because of their toxicity and extensive use in Cameroon for subsistence farming [START_REF] Ntiendjui | Effets de la toxicité des pesticides Maneb et Chlorpyrifos-Ethyl sur un poisson d'eau douce, Oreochromis niloticus[END_REF]. In addition, alachlor and metolachlor were one of the most abundant and highly detected pesticides in surface water from urban and peri-urban areas of Yaounde (capital city, Cameroon) [START_REF] Branchet | Polar pesticide contamination of an urban and peri-urban tropical watershed affected by agricultural activities (Yaoundé, Center Region, Cameroon)[END_REF].The sources of the studied compounds were discussed, and the likelihood of toxicity to aquatic organisms and human health was assessed using Sediments Quality Guidelines (SQGs) proposed by [START_REF] Long | PREDICTING TOXICITY IN MARINE SEDIMEN'TS WITH NUMERICAL SEDIMENT QUALITY GUIDELINES[END_REF][START_REF] Long | Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments[END_REF] Thereafter, our findings are then compared with those of other studies related to worldwide coastal environments (estuaries, mangroves, bays and lagoons).

Materials and methods

Study area

The present study was carried out in the Wouri estuary mangrove (WEM) located between 4° 03' N and 9° 42' E and covering 650 km 2 along the Cameroonian coastline in the Gulf of Guinea (Fig. 1). In 2007, the Foundation Working Group International Wader and Waterfowl Research (WIWO) carried out a water bird census concluding that WEM qualifies as wetlands of international importance (Ramsar site) according to criteria of the Ramsar convention (Van der Waarde, 2007). This region has a warm and humid equatorial climate (mean annual temperature of 27 °C and average annual precipitation of 4000 mm). The dominant tree species in this mangrove forest are Rhizophora racemosa and Avicennia africana. This study mainly focuses on the area located between the Wouri and Dibamba rivers, acting as administrative borders of the city of Douala, (Fig. 1). This town is the economic capital and the most populated city of Cameroon. Its present population is about 3 million inhabitants and is expected to During the sampling campaign, field observations revealed the presence of car tyres, used oil containers buried into sediments, dock and boating activities at the Douala harbor, commercial fishery, waste dumps and effluent discharges (see SI 1). After collection, samples were transferred in aluminium trays of 0.5 L and stored at -18 °C until pre-treatment. After thawing, samples were oven dried at 40 °C, ground and sieved at < 2 mm.

Moisture content (Table 1) was determined according to the standard method ISO 11465 (ISO 11465, 1993). Total Carbon (TC) and Total Inorganic Carbon (TIC)

were determined separately using a TOC solid module HT1300, such that the difference results in Total Organic Carbon (TOC) ( and a purge time of 90 s. PAHs were extracted in the same way, but with a mixture of Hex/Dcm (1/1) at temperature and pressure of 150°C and 1500 psi, respectively. The final extract was always in the range of 45-55 mL when using a thimble size of 33 mL.

An in-cell clean-up was performed by mixing the sample with 4 g of activated alumina

for PAHs extraction, to eliminate polar compounds and with 3 g of activated copper for

CLPs and PCBs extraction, to remove sulphur compounds [START_REF] Kanzari | Aliphatic hydrocarbons, polycyclic aromatic hydrocarbons, polychlorinated biphenyls, organochlorine, and organophosphorous pesticides in surface sediments from the Arc river and the Berre lagoon, France[END_REF]. The PAH extracts were concentrated to a drop under a gentle flux of nitrogen and exchanged in 0.5 mL Acn for further analysis. The CLPs and PCB extracts were concentrated to a drop under a gentle flux of nitrogen, exchanged in 1 mL Hex and subjected to a clean-up and fractionation procedure using Solid Phase Extraction (SPE) with Florisil cartridges (1g, 6 mL), according to the US-EPA 3620 C method. The elution procedure was optimized as follows: the cartridge was washed by 10 mL of HEX before loading the 1 mL CLPs and PCBs extract. PCBs were eluted in the first fraction (F1) with 2.5 mL of Hex (100 %). The targeted pesticides were eluted in the second fraction (F2) with 5mL of Hex/Ace (80/20 v:v), apart from the most hydrophobics ones (i.e. α et β HCH, DDD, DDT), which were recovered in both fractions. Fractions F1 and F2 were concentrated to 0.25-0.5 mL before subsequent instrumental analysis.

PAHs, PCBs and CLPs analyses

The were added at 40 pg/μL. A volume of 1 µL was injected in spitless mode with helium as carrier gas at a constant flow rate of 1 mL/min . The temperature of the injector was driven from 50 °C (iso 0.1 min) to 250 °C (200 °C min -1 -Iso 10 min). The GC oven was programmed from 70 °C (iso 2 min) to 175 °C (10 °C/min -iso 4 min) to 320 °C (5 °C/min -iso 10 min). Source ionization was performed by electronic impact at an ionization energy of 70 eV and a temperature of 250°C. The temperature of the transfer line was set at 280°C. The mass spectrometer was operated in SIM mode (Single Ion Monitoring) targeted three specific ions (one quantifier and two qualifiers) for each studied compound (see Table 2). Subsequently, data were processed with TurboMass Version 5.4.1 software using the NIST MS Search Version 2.0 library. Quantification was based on the internal standard (PCB 116 D5) calibration curves obtained from the analysis of standard solutions at seven concentration levels (0.1, 0.5, 1. 5, 10, 20 and 100 pg/μl).

Quality Assurance and Control (QA/QC)

All analytical data were subjected to strict quality assurance and control. Procedural blanks composed of glass beads and Fontainebleau sand, and certified reference material (CRM CNS 391 for PAHs, PCBs and pesticides on sediment) were processed for each batch of 7 extractions in the same procedures used for field samples in this study. Procedural blanks were evaluated using the criteria that blank levels of target analytes should be at least three times below the detection limit (signal-to-noise ratio 3:1). The accuracy of the method was tested by analysing native pollutants in certified sediment. Obtained recoveries were 62-94 % for pesticides, 76-94 % for PCBs and 69-95 % for PAHs (see SI 2). Inter-day replicates (n=7) lead to relative standard deviations of 3-14 % for pesticides, 3-9 % for PCBs and 3-12 % for PAHs. The reported limit of detection (SI 2) was set as the concentration level yielding to a signal-to-noise ratio of 3:1.

Prior to each extraction, 4,4-DDE D8 and PCB 156 D3 were added as surrogate standards at 100 pg/μL to check the analytical procedure for CLPs and PCBs, respectively. Mean ± SD recoveries were 85±7 % and 91±5 % for 4,4-DDE D8 and PCB 156 D3, respectively. If surrogates' recoveries differ from more than ±15 %, sample extraction was redone.

Instrumental QC was performed by regular analyses of solvent blanks and random injection of standards. Measured values were not deviating more than 15% from the theoretical values. The following conditions had to be met for an unequivocal identification and quantification of the analytes: (1) retention time matching that of the standard compound within ±0.15 min, (2) signal-to-noise ratio greater than 3:1, (3) detection of the qualifier ions when compounds were analysed by GC/MS. All concentrations are reported on dry mass.

Results and discussion

Spatial distribution and profiles of PAHs, PCBs and CLPs

Polycyclic Aromatic Hydrocarbons (PAHs)

The concentration of PAHs ranged from 83.35 (station 8) to 544.31 ng/g (station 17) with mean and median of 218.79 and 185.0 ng/g, respectively (Table 1). Lower concentrations of PAHs close to 100 ng/g were measured upstream of Douala (stations 1-3). This may be attributed to the fact that these stations are located upstream the anthropogenic pressure and the probable tidal flushing of pollutants adsorbed on sediment particles. In the Bonaberi and Bassa Industrial zones, stations 9 and 11 had the highest PAHs concentrations of respectively 299.44 and 251.51 ng/g. At station 9, PAHs input is probably due to massive burning of mangrove woods with mollusc shells for basic fertilization by liming [START_REF] Stogiannidis | Source Characterization of Polycyclic Aromatic Hydrocarbons by Using Their Molecular Indices: An Overview of Possibilities[END_REF]. At station 11, effluent discharge of wood treatment industry may be the source of high PAHs concentrations through creosote release [START_REF] Stogiannidis | Source Characterization of Polycyclic Aromatic Hydrocarbons by Using Their Molecular Indices: An Overview of Possibilities[END_REF].

At the creek Doctor, were determined at stations 13, 18 and 19 contained PAHs According to a classification scale proposed by (Baumard et al., 1998) TOC content ranged from 3.27 (station 1) to 10.13 % (station 18) with mean and median very close of 6.43 % and 6.48 % respectively, indicating a symmetrical distribution of the values (table 1). The rather high organic contents are typical of mangrove sediments and can originate through three main inputs: mangrove plants (annual litter fall and underground roots), sediment trapping of suspended matter from coastal waters and benthic animals [START_REF] Kristensen | Organic carbon dynamics in mangrove ecosystems: A review[END_REF][START_REF] Yong | Processes of organic carbon in mangrove ecosystems[END_REF]. TOC is observed to increase from upstream to downstream of the Wouri river. This is due to the deposit of coarser material upstream where sand extraction is mostly carried out whereas fine particles with higher TOC content are deposited downstream where the energy of the rivers is low.

In contrast to studies that reported a positive correlation between sediment organic carbon and concentration of POPs in mangroves [START_REF] Tam | Concentrations of PCBs in coastal mangrove sediments of Hong Kong[END_REF][START_REF] Vane | Organic and metal contamination in surface mangrove sediments of South China[END_REF], sediments of the WEM show poor correlations (R 2 = 0.35) for TOC against PAHs. This therefore suggests that the distribution and concentrations of PAHs in sediments of the WEM are not controlled or driven by the sediment's OC content.

Similarly, a poor correlation was found between TOC and PAH concentrations in surface coastal sediments of the Gulf of Mexico [START_REF] Wang | Concentrations and sources of polycyclic aromatic hydrocarbons in surface coastal sediments of the northern Gulf of Mexico[END_REF]. According to [START_REF] Simpson | Composition and distribution of polycyclic aromatic hydrocarbon contamination in surficial marine sediments from Kitimat Harbor, Canada[END_REF], correlation between PAHs and sediments' OC was only significant for highly contaminated sites, where the total PAH concentrations were > 2000 ng/g.

Concerning the distribution of the different compounds studied, tri-aromatic (15-35%) and tetra-aromatic (20-60 %) compounds are mostly accumulated in surface sediments (Fig. 2). The most abundant PAHs in increasing order were Pyrene (PYR), PAH source characterisation was based on source specific diagnostic ratios such as PHE/ANT and FL/PYR distinguishing between pyrolytic (<10 and >1, respectively) and petrogenic (>10 and <1, respectively) origins in sediments (Budzinski et al., 1997a). The same authors stated that, these two ratios must be studied simultaneously so as to provide a good estimate of PAH sources.

The predominance of FL, PYR and to a lesser extent PHE (Table 1) observed in WEM sediments indicates the pyrolytic source of the contamination [START_REF] Page | Pyrogenic Polycyclic Aromatic Hydrocarbons in Sediments Record Past Human Activity: A Case Study in Prince William Sound, Alaska[END_REF]. PHE/ANT values lower than 10 were measured in all stations and 33 % of the stations satisfy FLY/PYR < 1 (Fig. 3) expressing a predominance of pyrolytic sources. This is reinforced by the PAH distribution dominated by HPAH (ΣLPAHs/ΣHPAHs < 1 in 85 % of the stations -Table 1). HPAHs from pyrolytic sources enter aquatic environments through contaminated soil or direct deposition (Budzinski et al., 1997;[START_REF] Morillo | Soil pollution by PAHs in urban soils: a comparison of three European cities[END_REF][START_REF] Stogiannidis | Source Characterization of Polycyclic Aromatic Hydrocarbons by Using Their Molecular Indices: An Overview of Possibilities[END_REF], pointing out that this could be the major sources of PAHs in the WEM. Similar results were obtained by Aly [START_REF] Aly Salem | The monitoring and risk assessment of aliphatic and aromatic hydrocarbons in sediments of the Red Sea, Egypt. Egypt[END_REF] for sediments of the Egyptian Red Sea coast (Suez Gulf, Aqaba

Gulf and Red sea). Other ratios like BaA/Σ(BaA+CHRY) and ANT/Σ(ANT+PHE) enable to distinguish between combustion and petroleum sources while IP/Σ(IP+B(g,h,i)P)

enable the discrimination between various pyrolytic sources (de [START_REF] De Almeida | Distribution and sources of polycyclic aromatic hydrocarbons (PAHs) in surface sediments of a Tropical Bay influenced by anthropogenic activities (Todos os Santos Bay, BA, Brazil)[END_REF][START_REF] Mahdi Ahmed | Levels and sources of heavy metals and PAHs in sediment of Djibouti-city (Republic of Djibouti)[END_REF]Barakat et al., 2013[START_REF] Barakat | Distribution and characteristics of PAHs in sediments from the Mediterranean coastal environment of Egypt[END_REF][START_REF] Asia | Occurrence and distribution of hydrocarbons in surface sediments from Marseille Bay (France)[END_REF][START_REF] Vane | Organic and metal contamination in surface mangrove sediments of South China[END_REF][START_REF] Mille | Sources of hydrocarbons in sediments of the Bay of Fort de France (Martinique)[END_REF][START_REF] Yunker | PAHs in the Fraser River basin: a critical appraisal of PAH ratios as indicators of PAH source and composition[END_REF] (Fig. 3). These ratios BaA/Σ(BaA+CHRY) > 0.35, ANT/Σ(ANT+PHE) > 0.10 and IP/Σ(IP+B(g,h,i)P) > 0.5, reveal that the dominant pyrolytic source of PAHs in sediments of the WEM corresponds to the combustion of biomass (grass, wood and coal) and petroleum. This could be supported by activities such as dense traffic, harbour, fish smoking, sustained by mangrove wood taking place in the study area. 

Polychlorinated biphenyls

The concentrations of ΣPCBs range from 1.7 (station 2) to 31.6 (station 10) ng/g with mean and median of 16.0 and 17.1 ng/g (Table 2). The highest PCB concentrations were measured at the Bonaberi and Bassa industrial zones (stations 9, 10) and to a lesser extend at Crique Docteur (stations 16, 17, 18). A recent study by [START_REF] Ouabo | Levels and Risk Assessment of Polychlorinated Biphenyls (PCBS) in Soils from Informal E-Waste Recycling Sites in Cameroun[END_REF] showed high PCB levels in soils from three informal recycling sites in Douala, located in the Bonaberi and Douala I.

Z. (fig 1). As aforementioned, Crique

Doctor is also a hub for the disposal of untreated wastes (municipal, household, sewage and slugde), which can generate PCBs either through leaching or burning.

During the sampling campaign, old car tyres, various plastic wastes, electronic wastes (e-wastes) were noticed and could spread out PCBs during their decomposition.

Station 20 found along the Dibamba river shows also one of the highest PCB levels (25.8 ng/g). The outfall in this river, of industrial effluents from the Bassa industrial zone, housing industries using pigments in the manufacturing of plastics, writing implements, and textiles can explain these findings.

The PCB pattern is dominated by hexachlorobiphenyls (PCB 138 and PCB 153) and pentachlorobiphenyls (PCB 101 and PCB 118) representing a total of 47 % and 30 % of the ΣPCBs (Fig. 2). This could be due to recent and/or chronic PCB contamination and to the higher persistence of highly chlorinated PCBs in sediments [START_REF] Bodin | Are exploited mangrove molluscs exposed to Persistent Organic Pollutant contamination in Senegal, West Africa?[END_REF]. This can be supported by the fact that despite the ban of PCB [START_REF] Tam | Concentrations of PCBs in coastal mangrove sediments of Hong Kong[END_REF], Senegal Estuary mangroves [START_REF] Bodin | Are exploited mangrove molluscs exposed to Persistent Organic Pollutant contamination in Senegal, West Africa?[END_REF] and Congo River Basin [START_REF] Kilunga | Accumulation of toxic metals and organic micro-pollutants in sediments from tropical urban rivers, Kinshasa, Democratic Republic of the Congo[END_REF][START_REF] Verhaert | Baseline levels and trophic transfer of persistent organic pollutants in sediments and biota from the Congo River Basin (DR Congo)[END_REF].

Considering the measurement of the 7 ICES PCB only, our discussion can only be restricted to intentionally produced PCBs coming from commercial mixtures and single relatively unaltered sources. However, the presence of numerous other congeners resulting from environmental reactivity or from the formation of inadvertent PCBs, through wastes burning or pigments for instance, can be suspected in the WEM.

Hence, even if costly, extending the number of targeted congeners would provide better insights in the estimation of PCBs totals and in the apportionment of sources [START_REF] Megson | Evaluation of the effectiveness of different indicator PCBs to estimating total PCB concentrations in environmental investigations[END_REF].

Chlorinated Pesticides

In the Wouri mangrove zone, with the exception of endrin, all the pesticides targeted in our study were detected at least once above method detection limit (MDL) (see figure 4). The presence of normally prohibited substances, such as aldrin, heptachlor, 4,4'-DDT, 4,4'-DDD, 4,4'-DDE, lindane, chlordane and dieldrin must be highlighted. The latter have also been found in sediments ofother African countries, such as Tanzania [START_REF] Kruitwagen | Status of pollution in mangrove ecosystems along the coast of Tanzania[END_REF], Nigeria [START_REF] Ibigbami | Persistent Organochlorine Pesticide Residues in Water, Sediments and Fish Samples from Ogbese River[END_REF], Benin [START_REF] Yehouenou | Pesticide residues in sediments and aquatic species in Lake Nokoué and Cotonou Lagoon in the Republic of Bénin[END_REF], Egypt (Barakat et al., 2013), Tunisia (Ben [START_REF] Salem | Distribution of organic contamination of sediments from Ichkeul Lake and Bizerte Lagoon, Tunisia[END_REF]. This can be explained by the sale and illegal disposal of stocks of pesticides that are now banned but not destroyed and also by the persistent nature of some of within one month in tropical regions [START_REF] Bodin | Are exploited mangrove molluscs exposed to Persistent Organic Pollutant contamination in Senegal, West Africa?[END_REF].

To assess the level of contamination in the area, figure 4 shows for each pesticide, the distribution over the 21 stations in three classes of pesticide concentration (<0.1, [0.1-1], >1 ng/g) (fig. 4). For the majority of the stations, it can be observed that these compounds are detected at very low concentrations, even below the MDL (<0.1 ng/g), especially trans-chlordane, which is detected at about 40 % of the stations but always at very low levels. On the other hand, in nearly 50 % of cases, alachlor and endosulfan were quantified at non-negligible concentrations (> 1 ng/g).

Similarly, the results presented by the Stockholm Convention national implementation plan report indicated that endosulfan persists in Cameroon and is also present in several African countries, such as Mali, Senegal and Togo. In addition, in about 30% of the samples, HCH, aldrin, metolachlor, heptachlor, cis-chlordane, DDT and metabolites were detected at intermediate levels between 0.1 and 1 ng/g. in the Wouri Estuary Mangrove CLP concentrations ranged from 2.2 (station 12) to 29.1 ng/g (stations 19 and 21) (mean and median values 10.6 and 10.0 ng/g, respectively) (Table 2). The contamination was mainly in endosulfan (stations 2, 6, 10, 13-17, 19, 21), alachlor (stations 1-4, 9-10, 15, 18-20), heptachlor (stations 1, 3, 5, 16, 21) The use of pesticides in peri-urban agricultural activities and disease vector control such as malaria was reported by [START_REF] Antonio-Nkondjio | Anopheles gambiae distribution and insecticide resistance in the cities of Douala and Yaoundé (Cameroon): influence of urban agriculture and pollution[END_REF]. Moreover, [START_REF] Nfotabong-Atheull | Qualitative and Quantitative Characterization of Mangrove Vegetation Structure and Dynamics in a Peri-urban Setting of Douala (Cameroon): An Approach Using Air-Borne Imagery[END_REF] reported that mangrove stands around Douala have been converted into agricultural areas for the cultivation of maize, bean, green vegetables, sugar cane and banana. Furthermore, the development of agriculture upstream of the estuarine zone (UD area) could likely be due to low level of salinity due to high rate of sea water dilution. This can contribute to concentrations of pesticides accounting to around 10 ng/g measured at stations 1, 2 and 3.

For OCPs, the concentration of ΣDDTs (4.4' DDT, 4.4' DDD, 4.4' DDE) ranged from 0.1 to 5.0 ng/g (mean and median of 1.0 to 0.5 ng/g respectively) whereas concentrations of ΣHCHs (α, δ, β and γ isomers) ranged from 0.4 to 3.1 ng/g (mean and median of 1.2 and 1.1 ng/g , respectively). Endosulfan (-Endosulfan + Endosulfan sulphate) was the most abundant pesticide found in WEM sediments (concentrations from 0.95 to 18.5 ng/g and mean and median values of 4.7 and 2.6 ng/g respectively).

High levels could be explained by its broad spectrum as insecticide and its large atmospheric pattern transport [START_REF] Weber | Endosulfan, a global pesticide: A review of its fate in the environment and occurrence in the Arctic[END_REF]. Our results suggest its recent use, which is congruent with its relatively recent prohibition since 2008 in Cameroon. -Endosulfan concentrations were higher than those of its toxic metabolite, endosulfan sulfate (ratio between 3 to 75), indicating a slow rate of endosulfan degradation [START_REF] Kuranchie-Mensah | Determination of organochlorine pesticide residue in sediment and water from the Densu river basin, Ghana[END_REF] and relatively recent use. Mean concentration of endosulfan sulfate was higher in WEM (0.97 ng/g) than values previously reported in Ghana [START_REF] Kuranchie-Mensah | Determination of organochlorine pesticide residue in sediment and water from the Densu river basin, Ghana[END_REF]. Similarly -Endosulfan exhibited higher concentrations in WEM sediments (~ 3.2 ng/g) than in the Atlantic coast of Morocco sediments [START_REF] Benbakhta | Organochlorine pesticides in sediments from the atlantic coast of Morocco[END_REF] and the Weija Lake in the Densu river basin in Ghana [START_REF] Kuranchie-Mensah | Determination of organochlorine pesticide residue in sediment and water from the Densu river basin, Ghana[END_REF], but lower than those in the Ogbese river sediments in Nigeria [START_REF] Ibigbami | Persistent Organochlorine Pesticide Residues in Water, Sediments and Fish Samples from Ogbese River[END_REF].

OPP concentrations were rather low, ranging from 0.4 -0.9 for chlorpyriphosethyl and <LOD -0.3 ng/g for chlorfenvinphos, despite both still in use in Cameroon.

Chlorfenvinphos was introduced in 1963 as an insecticide and acaricide and was used for controlling ticks in cattle in North-West region of Cameroon (P. [START_REF]Efficacy of chlorfenvinphos in cattle-tick control in the North-Western Cameroon[END_REF]. In Cameroon, chlorpyrifos-ethyl is an insecticide frequently used by farmers in the cultivation of maize [START_REF] Antonio-Nkondjio | Anopheles gambiae distribution and insecticide resistance in the cities of Douala and Yaoundé (Cameroon): influence of urban agriculture and pollution[END_REF][START_REF] Nwane | Trends in DDT and pyrethroid resistance in Anopheles gambiaes.s. populations from urban and agro-industrial settings in southern Cameroon[END_REF], its low concentration and detection frequency in WEM sediments are consistent with a relatively high water solubility and very short half-life (24 days) in seawater-sediment system as described previously [START_REF] Howard | Handbook of Environmental Fate and Exposure Data for Organic Chemicals Pesticides[END_REF].

Levels of CAHs ranged from ND-4.9 ng/g for alachlor and ND -1.7 ng/g for metolachlor. Both pesticides are used nowadays in Cameroon. In Cameroon, it has been specifically used as herbicide for weed control in various crops such as cocoa, coffee, palm oil, cotton, beans and peanuts and levels above the European Maximum Residue Limit in 22 out of 72 food samples from the western highlands of Cameroon were previously detected [START_REF] Galani | Evaluation of 99 Pesticide Residues in Major Agricultural Products from the Western Highlands Zone of Cameroon Using QuEChERS Method Extraction and LC-MS/MS and GC-ECD Analyses[END_REF].

Although DDE is generally the most widely detected and most resistant to biotransformation compound in the environment [START_REF] Chattopadhyay | Remediation of DDT and Its Metabolites in Contaminated Sediment[END_REF], the abundance pattern of DDTs in the WEM showed that 4,4 ' DDT > 4,4 ' DDE > 4,4 ' DDD, indicating a recent use of DDT according to Nozar, (2013) and prevailing anoxic conditions of sediments that favour the formation of DDD. In addition, this pattern could be observed due to higher solubility of DDT metabolites (DDE and DDD) [START_REF] Chattopadhyay | Remediation of DDT and Its Metabolites in Contaminated Sediment[END_REF]. To assess the recent DDT use, diagnostic ratios (4.4' DDE + 4.4' DDD) / 4.4' DDT) were computed for stations where all the three compounds (DDT, DDE and DDD) were present (i.e. stations 5, 8, 11, 12, 14, 20 and 21 having calculated ratios of 0.08, 0.35, 2.00, 1.18, 0.40, 0.09 and 0.06, respectively). Except for stations 11 and 12 located on the western bank of the Wouri river, the ratios lower than one sign a recent use of DDT [START_REF] Zhang | Organochlorine pesticides (OCPs) in soils and sediments, southeast China: A case study in Xinghua Bay[END_REF]. Similar results were found in the mangrove of South Iran [START_REF] Nozar | PCBs and DDTs in Surface Mangrove Sediments from the South of Iran (ID NO. 048)[END_REF], in line with the recent recommendation by the World Health Organization (WHO/HTM/GMP, 2011) for the reintroduction of DDT for vector control in some malaria endemic settings, such as Africa [START_REF] Coleman | Operational Impact of DDT Reintroduction for Malaria Control on Anopheles arabiensis in Mozambique[END_REF].

The diagnostic ratio (α/γ-HCH) between 3 and 7 indicates the use of technical HCH [START_REF] Zhang | Organochlorine pesticides (OCPs) in soils and sediments, southeast China: A case study in Xinghua Bay[END_REF] while values lower than 3 indicates lindane use [START_REF] Tao | Organochlorine Pesticides in Agricultural Soil and Vegetables from Tianjin, China[END_REF]. Furthermore, low or high α/γ-HCH values were found to reflect current lindane or historical HCHs uses, respectively [START_REF] Tao | Organochlorine Pesticides in Agricultural Soil and Vegetables from Tianjin, China[END_REF]. Due to absence of α and γ isomers in most samples of the WEM, computed α/γ-HCH ratios were <3 for three stations (4, 8 and 21). The pattern α > δ > β > γ of lindane isomers suggested an extensive degradation of lindane into its metabolites, reflected by lindane low half-life (90 days, [START_REF] Sang | LINDANE -A REVIEW OF TOXICITY AND ENVIRONMENTAL FATE[END_REF]) and its degradation speeded up by anaerobic conditions [START_REF] Fiedler | Application of QSARS to predict potential aquatic toxicities of organochlorine pesticides[END_REF]. However, despite an absence of homologation and a ban, a stock of lindane still remained in 2005 (UNEP-POPS-NIP-CAMEROON-COP6,

2016).

Similar to the Mumbai mangroves, this study shows that despite the restriction on the use of DDT and lindane in Cameroon, they are found to be persistent in mangrove sediments. Furthermore, even if prohibited, they are still in usage to sell off stock or for specific exemptions for use, especially DDT allowed by WHO for malaria vector control (WHO/HTM/GMP, 2011). On a global scale, the level of POPs in sediments of mangrove and estuaries areas across the world are presented in table 3.

Comparison to Worldwide estuary and mangrove areas

On a worldwide scale, PAH contamination in the WEM was higher than mangrove sediments of the Malaysian Peninsular [START_REF] Raza | Composition and source identification of polycyclic aromatic hydrocarbons in mangrove sediments of Peninsular Malaysia: indication of anthropogenic input[END_REF] Levels of HCHs in the WEM are within the range of concentrations found in sediments of other studies worldwide and higher than those in sediments of the South China mangrove reserves [START_REF] Qiu | Bioaccumulation and cycling of organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) in three mangrove reserves of south China[END_REF], Falia and Fadiouth estuary mangroves in Senegal [START_REF] Bodin | Are exploited mangrove molluscs exposed to Persistent Organic Pollutant contamination in Senegal, West Africa?[END_REF]. For DDTs, concentrations are generally lower than those found in sediments of studies worldwide. But it is worth noting that DDT is set to increase due to current use for malaria vector control. Levels of PCBs in sediments of the WEM are higher than most mangrove areas such as, mangrove and coastal sediments in the Persian Gulf [START_REF] De Mora | Distribution of petroleum hydrocarbons and organochlorinated contaminants in marine biota and coastal sediments from the ROPME Sea Area during 2005[END_REF][START_REF] Nozar | PCBs and DDTs in Surface Mangrove Sediments from the South of Iran (ID NO. 048)[END_REF], mangrove sediments of the Tanzanian coast [START_REF] Kruitwagen | Status of pollution in mangrove ecosystems along the coast of Tanzania[END_REF], Hong Kong mangrove sediments [START_REF] Tam | Concentrations of PCBs in coastal mangrove sediments of Hong Kong[END_REF], S. Buloh and S. Khatib Bongsu Mangroves in Singapore [START_REF] Bayen | Persistent organic pollutants in mangrove food webs in Singapore[END_REF], Sunderban mangrove in India [START_REF] Binelli | Congener profiles of polychlorinated biphenyls in core sediments of Sunderban mangrove wetland (N.E. India) and their ecotoxicological significance[END_REF]. The results of this study can serve as an early warning of current PCBs contamination in the WEM. Many entry points for these compounds have been mentioned in our work, such as improper e-wastes disposal, wastewaters outfall, and growing industrial activities. The management of this area should be adjusted in the face of these particular pressures. 

Ecotoxicological significance

Implication for aquatic organisms

The appraisal of sediment quality and ecological risk assessment from the WEM was carried out following sediment quality guidelines (SQGs) developed for marine and estuarine sediments [START_REF] Long | PREDICTING TOXICITY IN MARINE SEDIMEN'TS WITH NUMERICAL SEDIMENT QUALITY GUIDELINES[END_REF][START_REF] Long | Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments[END_REF]. These SQGs express the incidence of adverse biological effects to be observed and or predicted in aquatic organisms closely associated with sediments. Two approaches were applied: the Effect Range Low (ERL) and Effect Range Median (ERM) values as well as the Threshold Effect Level (TEL) and Probable Effect Level (PEL). These values delimit three concentration ranges: (1) concentrations below ERL and/or TEL representing minimal effect ranges below which adverse biological effects would be rarely observed, (2) concentrations equivalent to and above ERL and TEL representing possible-effect ranges within which adverse effects will occur and (3) concentrations equivalent to and above ERM and PEL representing probable-effect ranges within which biological effects are frequently observed. [START_REF] Long | PREDICTING TOXICITY IN MARINE SEDIMEN'TS WITH NUMERICAL SEDIMENT QUALITY GUIDELINES[END_REF][START_REF] Long | Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments[END_REF].

For ΣPAHs, all stations fall to very low levels below the ERL concentrations (4000 ng/g) indicating minimal probability of effects. At these concentrations, adverse biological effects would be rarely observed. In 71 % of stations, ΣPCB concentrations were lower than the ERL and TEL threshold values (Fig. 6), expressing concentrations corresponding to minimal probability for toxic effects to occur. However, 29 % of the sites located in the Bonaberi and Bassa Industrial zones (station 7,9 and 10) and Crique Docteur (stations 16, 18 and 20) exhibited concentrations associated with an occasional probability of toxic effects to occur. For ΣDDTs, up to 80 % of stations have concentrations below ERL and TEL (Fig. 6) thus associated with a minimal probability for toxic effects to occur, whereas 20 % of stations fall between ERL and ERM and 10 % between TEL and PEL indicating concentrations that were occasionally associated to adverse biological effects. Following the aforementioned results, sediments throughout the study area predominantly represent concentrations within which adverse biological effects would be rarely observed. To a lesser extent, sediments mostly found in the Crique Docteur, Bonaberi and Bassa Industrial zones represent possible-effect ranges within which adverse biological effects will occur.

None of the analysed stations have concentrations equivalent to ERM or PEL for all studied compounds (Fig. 6). This is consistent with Fusi et al. 2009 findings, who observed that the relationship between macrobenthos assemblages and POPs (PAHs and 4,4' DDE) was not significant accounting for a total variation below 10 %.

Effect-based Sediment Quality Guidelines

Implication for Human Health

The pattern of PAHs in the WEM sediments was dominated by (HPAHs) (see Table 1), indicating the presence of strongly carcinogenic and mutagenic PAHs [START_REF] Karlsson | Polycyclic Aromatic Hydrocarbons (PAH) in Water and Sediment from Gully Pots[END_REF][START_REF] Laane | Assessment of Organic Compounds in the Rhine Estuary[END_REF], apportioning for approximately 25 -50 % of the total PAH.

Carcinogenicity of WEM sediments was assessed using Toxic Equivalent Concentrations (TEQs) of carcinogenic PAHs (C-PAHs) [START_REF] Raeisi | Polycyclic aromatic hydrocarbons (PAHs) in coastal sediments from urban and industrial areas of Asaluyeh Harbor, Iran: distribution, potential source and ecological risk assessment[END_REF][START_REF] Aly Salem | The monitoring and risk assessment of aliphatic and aromatic hydrocarbons in sediments of the Red Sea, Egypt. Egypt[END_REF][START_REF] Nasher | Assessing the Ecological Risk of Polycyclic Aromatic Hydrocarbons in Sediments at Langkawi Island, Malaysia[END_REF][START_REF] Chen | Distribution, origin, and potential toxicological significance of polycyclic aromatic hydrocarbons (PAHs) in sediments of Kaohsiung Harbor, Taiwan[END_REF][START_REF] Qiao | Composition, sources, and potential toxicological significance of PAHs in the surface sediments of the Meiliang Bay, Taihu Lake, China[END_REF]. Among the 7 compounds, B(a)P is the only PAH for which toxicological data are sufficient to derive a carcinogenic potency factor (Aly [START_REF] Aly Salem | The monitoring and risk assessment of aliphatic and aromatic hydrocarbons in sediments of the Red Sea, Egypt. Egypt[END_REF][START_REF] Nasher | Assessing the Ecological Risk of Polycyclic Aromatic Hydrocarbons in Sediments at Langkawi Island, Malaysia[END_REF][START_REF] Hu | Temporal trends of aliphatic and polyaromatic hydrocarbons in the Bohai Sea, China: Evidence from the sedimentary record[END_REF][START_REF] Peters | Long-Term Composition Dynamics of PAH-Containing NAPLs and Implications for Risk Assessment[END_REF]. Hence, the carcinogenicity of other PAHs was expressed relative to that of B(a)P. For the 7 C-PAHs, the Toxic Equivalent Factors (TEF) according to the US EPA is given in bracket: Chr (0.001), B(a)A (0.1), B(b)F (0.1), B(k)F (0.1), B(a)P (1), IP (0.1) and DB(a,h)A (1). The total TEQs for C-PAHs was defined by:

TEQC-PAHs=  (Ci X TEFi) (1)
where, Ci is the concentration and TEFi the toxic equivalent factor of PAHi relative to B(a)P. The ΣTEQC-PAHs ranged from 3.2 -51.5 ng/g with mean and median of 14.9 and 9.0 ng/g respectively. Higher TEQs were found in station 17, followed by the stations 15, 20 and 13 located in the Crique Docteur (CD) area. This could be attributed to industrial, harbour and airport activities coupled with the dense traffic in the city of Douala. The highest contributors of PAHs carcinogenicity include Benzo(a)Pyrene (47 %), Dibenz(a,h)Anthracene (16 %), Benzo(b)Fluoranthene (15 %), Benzo(a)Anthracene (12 %). According to [START_REF] Dickhut | Automotive Sources of Carcinogenic Polycyclic Aromatic Hydrocarbons Associated with Particulate Matter in the Chesapeake Bay Region[END_REF], motor vehicles are major sources of these C-PAHs especially in highly populated areas.

Conclusion

The present study provides comprehensive information on the level of Wouri Estuary Mangrove anthropization relative to POPs and associated toxicity risks.

The concentrations of PAHs and CLPs measured are in the same order of magnitude of those determined in mangroves of tropical developing countries and corroborate data published on soil or aquatic organisms in the vicinity of the studied stations. Levels of PCBs are higher than those reported in similar environment and could be associated 

  ), 6 polychlorinated biphenyls (PCBs), 16 heavy metals and 4 sterols. Based on statistical analysis, this study revealed significant sensitivity of macrobenthos to the target compounds and raised the concern that these compounds could potentially be spread throughout the mangrove zone. The need for further information on the levels, spatial distribution and toxicity risk of anthropogenic contaminants throughout the Wouri Estuary Mangrove motivated the present study. It aims to be a pilot survey of anthropization level of the WEM by Persistent Organic Pollutants, carried out on 21 stations to ensure an extensive geographical coverage of the study area. To investigate the level of anthropization, a broad range of compounds (45) were analysed in the sediment compartment namely: a list of 22 chlorinated pesticides (CLPs) including 18 Organochlorine Pesticides (OCPs), the 7 Polychlorinated Biphenyls indicator (PCBs) of the International Council for the Exploration of the Sea (ICES) belonging to the intentionally produced POP, and the 16

  reach 4 million inhabitants by 2030. This rapid urbanisation exerts a strong pressure on the mangrove ecosystem. The WEM forest is thus highly exploited for its halieutic resources, firewood, sand extraction and house construction[START_REF] Longonje | Assessing ecosystem effects of small-scale cutting of Cameroon mangrove forests[END_REF]. New quarters of the town are now expanding on the mangrove that equally serves as waste dumps for household and municipal sludge and sewage. Peri-urban agriculture has led to the conversion of mangroves into agricultural ponds and favours the cultivation of various crops such as maize, banana, oil palm, green vegetables and sugar cane. The Douala seaport is central Africa's largest port and serves most landlocked countries of the African Sub-Saharan region. Douala is characterised by two major industrial zones known as Bassa and Bonaberi on both sides of the Wouri River and a dense traffic in the city centre. These activities in conjunction with laxity in the implementation of laws protecting the environment and mangroves in particular, lead to continuous huge pressure exerted on the WEM ecosystem.
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 1 Figure 1. Location of the Wouri Estuary mangrove (a) World map, (b) Cameroon map

  concentrations of 279.08 to 376.97, which can be explained by the vicinity of Douala port and by wastes discharges. The most contaminated stations 15 and 17 with PAHs levels of 405.83 and 544.31 ng/g can be linked to exhaust emission from boating activities during commercial fishery and from waste dumps. The Creek Doctor area receives the discharge of sludge, sewage, municipal wastes. The sales of petroleum products and automobile repair garage are also located here. In addition, the Mgoua river known as the "black river" draining part of the Bassa industrial zone discharges in this area.[START_REF] Solange | Distribution of Aliphatic and Polycyclic Aromatic Hydrocarbons (PAHS) in Coastal Sediment from the Ngoua River (Douala, Cameroon)[END_REF] reported high PAH levels (480000 -333000 ng/g) in surface sediments along the Mgoua river close to a hydrocarbon treatment industry (Nettoycam) located in the Bassa industrial zone.
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  BaA= Benzo(a)Anthracene, CHRY= Chrysene, B(b)Fl= Benzo(b)fluoranthene, B(k)Fl= Benzo(k)fluoranthene, BaP= Benzo(a)pyrene, DBA= Dibenzo(a,h)anthracene, B(g,h,i)P = Benzo(g,h,i)pyrelene, 4 IP= Indeno(1,2,3-cd)pyrene, HPAHs= High Molecular Weight PAHs, LPAHs= Low Molecular Weight LPAHs, ∑PAHs = Sum of 16 PAHs, TPAHs = Sum of individual PAHs, CPAHs= Carcinogenic 5 PAHs, LPAHs= Low Molecular Weight PAHs, HPAHs= High Molecular Weight PAHs, TEQ CPAHs= Toxic Equivalents of CPAHs, ERL= Effect range Low, ERM= Effect Range Median, SD = Standard

  Figure 2. Percentage distribution of PAHs (top) and PCBs (bottom) in sediments of

Figure 3 .

 3 Figure 3. Cross-plot of PAH ratios for Wouri Estuary Mangrove sediments: PHE/Ant

  import in Cameroon since 2011, it's use is authorized till 2025 but wastes should be eliminated before 2028 on the national territory (UNEP-POPS-NIP-CAMEROON-COP6, 2016). Our results furthermore revealed the use of highly chlorinated PCB mixtures such as Aroclor 1254 (electrical capacitors and transformers, vacuum pumps, hydraulic fluids, plasticiser resins) and 1260 (electrical transformers and hydraulic fluid) (54 and 60 % chlorine by weight respectively), Phenoclor DP6 or Clophen A60. Similar PCB patterns were identified in sediments of the Hong Kong coastal mangrove (Tam

  these compounds. DDT and metabolites, two metabolites of lindane, as well as alachlor are the most frequently detected pesticides (frequency above 50 %). (M.[START_REF] Fusi | Ecological status and sources of anthropogenic contaminants in mangroves of the Wouri River Estuary (Cameroon)[END_REF]) also mention the presence of DDT and metabolites in sediments in the same area. It is only since 2002 that DDT has been banned in Cameroon. High detection frequency ofDDT and metabolites (4,4' DDT, 4,4' DDD and 4,4' DDE) was similarly found in sediments from the Atlantic coast of Morocco[START_REF] Benbakhta | Organochlorine pesticides in sediments from the atlantic coast of Morocco[END_REF] and it was attributed to its long half-life (T1/2= 2 -25 years)[START_REF] Chattopadhyay | Remediation of DDT and Its Metabolites in Contaminated Sediment[END_REF] and its recent and/or chronic use. Lindane (γ-HCH, >99 %) had a relatively low detection frequency (detected on 29% of cases), while  and -HCH isomers) were present on more than 50 % of stations with -HCH being predominant in most stations. This may indicate significant historical use of the technical HCHs mixture, containing 60-70 % of -HCH. Early ban in 1989 (UNEP-POPS-NIP-CAMEROON-COP6, 2016) and rapid degradation could also explain dieldrin's low concentration and detection frequency. 90 % of this molecule was found to degrade

CBs

  determined, CAHs = Chloroacetinamide Herbicides, OPPs = Organophosphate Pesticides, OCPs = Organochlorine Pesticides, Alach = Alachlor, Metol = Metolachlor, Chlorp = Chlorpyrifos-2 ethyl, Chlorf = Chlrorfenvimphos, ∑Endo = Endosulfan I + Endosulfan sulphate, ∑Chlord = Trans + Cis Chlordane, ∑Hepta = Heptachlor + Heptachlor epoxide, Dield = Dieldrin, ∑HCHs = α-HCH, δ-3 HCH, β-HCH, γ-HCH, ∑DDTs = 4,4' DDT + 4,4' DDE + 4,4' DDD, ∑PCBs= sum of 7 indicator PCBs (CB28, CB52, CB101, CB118, CB138, CB153 and CB180), ∑Penta-Hexa CBs = Sum of Penta 4

Figure 5

 5 Figure 5 summarizes the spatial distribution of PAHs, PCBs and CLPs in the WEM at

Figure 5 .

 5 Figure 5. Spatial distribution of PAHs, PCBs and CLPs in sediments of the Wouri

  , Imo river estuary and mangrove (Nigeria)[START_REF] Oyo-Ita | Distribution and Sources of Petroleum Hydrocarbons in Recent Sediments of the Imo River, SE Nigeria[END_REF], the Minjiang river estuary (China) and the Rembau-Linggi estuary (Malaysia) and the Douro River estuary (Portugal). But concentrations of PAHs in sediments of the WEM were lower than those of other mangroves located in Djibouti, Nigeria and Martinique. The highest PAH contamination was found in sediments of the Iko River estuary mangrove (6100 -35270 ng/g), mangroves of Bay of Fort-de -France (18000 -112000 ng/g), Gironde Estuary (1000 -2000 ng/g).

3

  P= 28 PCBs, Q= 11OCPs, , R=Ramsar site, S= 5DDTs , T = 40PCBs, , U= 17 PAHs V= 4DDTs, W= 2DDTs, X = 13 PAHs, ΣDDTs = (DDT+DDE+DDD), ΣHCHs = (α-HCH+ δ-HCH+β-HCH+γ-HCH), 4 NA= Not analyzed, ND = Not detected, Y = 15 PAHs, DL = Detection Limit 5 6

  with an occasional probability of toxic effects. The outcome of this work could help reinforce the action plan set up in the framework of the National implementation plan of the Stockholm Convention in Cameroon launched since 2012. It contributes in raising awareness for the enforcement of laws protecting the environment and specifically mangrove ecosystems considering the increasing urbanization of African coastal cities.

  

  

  

  

Table 1

 1 

	). For TC measurement,

PAHs, PCBs and CLPs extraction

  

	The extraction of 10 g of sediment was performed by Accelerated Solvent Extraction
	(ASE Dionex 350). CLPs and PCBs extraction, adapted from (Villaverde J., 2008),
	included a temperature of 100 °C and a static time of 5 min (2 cycles) at a pressure of
	1500 psi. The solvent used was a mixture of Hex/Acn (1/1) with a flush volume of 60%

Table 1 .

 1 PAH concentrations (ng/g of dry weight) in sediments of the WEM with Sediments Quality Guidelines[START_REF] Long | Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments[END_REF] 1 2

		NA (2)	ACY (3)	ACE (3)	F (3)	PHE (3)	ANT (3)	FL (4)	PYR (4)	BaA (4)	CHRY (4)	B(b)FL (5)	B(k)FL (5)	BaP (5)	DBA (5)	B(ghi)P (6)	IP (6)	∑PAHs	LPAHs/ HPAHs	ΣCPAHs (%)	TEQ CPAHs/ TPAHs (%)	TOC (SD) (%)
	1	12.0	15.4	1.4	4.5	15.1	2.3	11.4	10.8	6.5	0.6	4.0	0.9	4.0	0.9	0.8	1.1	91.7	1.2	19.6	6.7	3.3 (0.02)
	2	14.7	25.0	2.6	2.4	9.1	3.5	6.0	6.3	4.0	2.6	1.8	0.6	2.4	1.7	13.2	18.8	114.7	1.0	27.8	5.8	7.5 (0.13)
	3	12.5	17.7	2.0	2.2	10.5	1.4	12.0	3.5	16.8	9.5	14.2	0.7	0.6	1.8	2.8	3.6	111.9	0.7	42.2	5.3	4.4 (0.02)
	4	8.8	28.9	1.7	4.1	9.8	3.6	12.5	18.1	6.9	3.5	1.4	0.6	0.8	1.4	13.4	35.9	151.4	0.6	33.4	4.4	6.3 (0.15)
	5	12.4	24.7	1.7	3.2	12.1	2.6	90.6	20.4	7.2	1.9	1.2	1.6	0.6	1.5	1.2	2.8	185.5	0.4	9.1	1.8	3.9 (0.04)
	6	21.9	14.7	2.5	2.6	2.4	0.9	14.5	2.6	4.2	6.1	10.8	0.6	2.8	4.6	1.8	1.2	94.1	0.9	32.1	9.6	7.1 (0.08)
	7	20.2	27.1	1.5	5.3	18.0	1.2	6.4	2.6	13.6	1.3	25.9	0.7	0.9	1.3	0.7	12.5	139.2	1.0	40.4	5.4	6.5 (0.11)
	8	6.5	9.1	7.2	2.3	7.4	2.3	3.9	9.8	5.3	3.3	6.5	2.9	2.2	0.9	10.5	3.5	83.4	0.7	29.4	5.6	6.0 (0.08)
	9	28.5	28.7	1.9	6.8	25.1	6.2	33.5	40.4	29.9	21.0	26.1	11.7	13.8	3.6	17.0	5.2	299.4	0.5	37.2	7.9	6.4 (0.18)
		11.6	15.8	1.2	5.2	15.7	3.7	23.4	22.6	14.5	10.1	13.9	7.2	10.2	1.5	3.0	3.6	163.2	0.5	37.3	9.1	6.0 (0.05)
		25.3	9.9	2.4	6.6	16.3	5.3	25.0	63.2	16.6	18.4	11.5	7.8	14.6	2.6	17.0	9.0	251.6	0.4	32.0	8.3	6.5 (0.15)
		13.2	20.8	2.4	5.7	29.5	3.8	23.0	29.1	9.1	8.0	16.0	5.0	7.9	1.8	10.7	8.6	194.5	0.6	28.9	6.7	6.9 (0.16)
		20.2	27.1	1.9	4.8	18.1	5.1	25.3	29.1	18.3	15.5	68.0	6.6	10.2	3.3	11.0	14.8	279.1	0.4	48.9	8.5	5.6 (0.03)
		10.3	24.3	1.6	4.8	10.5	4.6	4.4	28.6	10.8	5.8	1.8	0.7	1.2	0.9	10.2	23.5	144.0	0.6	31.1	4.0	5.5 (0.12)
		9.9	10.0	2.4	7.1	29.4	7.9	31.2	68.5	45.9	34.1	87.5	11.4	16.6	3.9	34.4	5.8	405.8	0.2	50.5	8.5	6.7 (0.14)
		13.5	32.1	2.0	5.8	21.0	6.2	31.7	42.6	28.1	4.9	2.3	4.3	1.1	2.0	17.9	21.7	237.2	0.5	27.2	3.5	6.9 (0.10)
		64.5	23.1	2.6	11.9	32.5	8.7	47.7	60.7	58.9	47.2	102.5	16.1	28.8	6.3	31.7	1.4	544.3	0.4	48.0	9.5	6.6 (0.46)
		23.1	21.0	1.6	10.3	26.8	16.8	35.4	73.5	9.6	5.3	6.6	8.8	2.1	2.2	20.8	26.5	290.3	0.5	21.0	3.0	10.1 (0.02)
		14.8	30.5	2.2	8.8	26.5	8.2	39.5	52.0	39.1	24.9	52.5	15.4	2.4	3.7	26.2	30.5	377.0	0.3	44.7	4.9	8.3 (0.08)
		10.5	12.3	2.5	4.1	17.8	5.4	45.5	39.2	23.2	17.4	25.0	11.7	18.2	3.6	17.7	8.2	262.2	0.3	40.9	10.5	6.4 (0.14)
		7.0	23.0	1.7	3.9	10.1	4.3	12.9	59.2	11.7	1.5	1.6	4.0	7.1	1.8	8.8	15.4	173.9	0.4	24.7	6.8	8.1 (0.06)
	Min	6.5	9.1	1.2	2.2	2.4	0.9	3.9	2.6	4.0	0.6	1.2	0.6	0.6	0.9	0.8	1.1	83.4	-	9.1	1.8	-
	Max	64.5	32.1	2.6	11.9	32.5	16.8	47.7	68.5	58.9	47.2	102.5	16.1	28.8	6.3	34.4	35.9	544.3	-	50.5	9.5	-
	Mean	17.2	21.0	2.2	5.4	17.0	5.0	25.5	32.5	18.1	11.6	22.9	5.7	7.1	2.4	13.1	12.1	218.7	-	33.6	6.5	-
	Median 13.2	23.0	2.0	4.8	15.7	4.3	23.4	29.1	13.6	6.1	11.5	4.3	2.8	1.8	11.0	8.6	185.5	-	32.1	6.7	-
	TPAHs 361.3 440.9	46.8 112.5 363.4 104.0 535.8 682.9 380.3 242.5	480.9	119.1 148.3	51.1	270.7 253.4	-	-	-	-	-
	ERL	160	44	16	19	240	85.3	600	665	261	384	-	-	430	63.4	-	-	4022*	-	-	-	-
	ERM	2100	640	500	540	1500 1100 5100 2600 1600	2800	-	-	1600	260	-	-	44792*	-	-	-	-

8 stations out of the 21 studied are moderately contaminated (100-1000 ng/g dry weight), while only three stations (1, 6, 8) are slightly contaminated, with a total PAH concentration of 0-100 ng/g dry weight, and none were corresponding to high contamination levels (1000-5000 ng/g dry weight).

( )= number of rings, NA= Naphthalene, ACY= Acenaphthylene, ACE= Acenaphthene, F= Fluorene, PHE= Phenanthrene, ANT= Anthracene, Fl= Fluoranthene, PYR= Pyrene,
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 2 Concentration of CLPs and PCBs (ng/g of dry weight) in sediments of the Wouri Estuary Mangrove 1

	CAHs	OPPs	OCPs	PCBs
	Station Alach Metol			

∑CAHs Chlorp Chlorf ∑OPPs ∑Endos ∑Chlord ∑Endrin ∑Hepta Aldrin Dield ∑HCHs ∑DDTs ∑OCPs ∑PCBs

  

																	ΣPenta-Hexa
																	CBs (%)
	1	3.0	ND	3.0	ND	ND	ND	1.0	0.2	ND	3.1	0.3	ND	0.4	ND	8.1	4.1
	2	4.2	1.0	5.2	ND	ND	ND	4.0	ND	ND	0.3	ND	ND	1.0	0.3	10.7	1.7
	3	2.0	ND	2.0	0.8	ND	0.8	ND	ND	ND	6.0	1.0	ND	ND	1.8	11.5	13.1
	4	1.0	ND	1.0	ND	ND	ND	ND	0.2	ND	0.3	0.6	ND	3.1	0.7	5.9	13.3
	5	ND	0.9	0.9	ND	ND	ND	ND	0.3	ND	3.5	0.5	ND	ND	5.0	10.0	17.1
	6	ND	0.2	0.2	ND	ND	ND	10.2	0.2	0.6	0.3	ND	ND	1.8	0.5	13.7	4.4
	7	ND	ND	0.0	ND	ND	ND	1.6	0.2	ND	0.8	1.0	ND	1.2	1.1	5.9	23.7
	8	0.5	0.1	0.7	ND	ND	ND	ND	ND	ND	1.0	ND	ND	0.5	0.6	2.8	10.8
	9	1.6	ND	1.6	ND	ND	ND	ND	ND	ND	0.3	0.5	ND	1.6	0.1	4.0	30.4
	10	2.0	ND	2.0	ND	ND	ND	4.3	ND	2.2	0.3	0.5	1.1	1.0	0.7	11.9	31.6
	11	ND	1.7	1.7	ND	ND	ND	ND	0.2	ND	ND	0.7	ND	1.8	1.2	5.5	17.1
	12	ND	ND	ND	ND	ND	ND	ND	ND	ND	0.3	0.4	ND	1.1	0.4	2.2	6.6
	13	ND	0.4	0.4	ND	0.3	0.3	11.3	0.2	ND	ND	ND	ND	3.1	0.5	15.8	19.9
	14	0.6	0.2	0.8	ND	ND	ND	11.1	ND	ND	ND	ND	0.1	0.5	0.4	13.0	5.3
	15	3.5	ND	3.5	ND	ND	ND	4.6	ND	0.2	ND	ND	ND	1.7	0.4	10.4	12.8
	16	1.1	ND	1.1	0.9	ND	0.9	4.4	0.2	ND	4.3	1.9	ND	0.6	1.2	14.6	30.1
	17	0.6	0.2	0.8	ND	ND	ND	11.1	ND	ND	ND	ND	0.1	0.5	0.4	13.0	20.0
	18	4.9	ND	4.9	ND	ND	ND	2.6	ND	ND	ND	ND	ND	2.1	0.4	10.0	22.7
	19	4.0	0.2	4.2	ND	ND	ND	18.5	ND	4.5	ND	ND	ND	1.6	0.4	29.1	18.3
	20	2.3	ND	2.3	ND	ND	ND	ND	ND	0.6	1.2	ND	ND	ND	1.7	5.8	25.8
	21	ND	ND	ND	0.4	ND	0.4	15.1	0.2	1.7	5.5	ND	ND	2.3	3.9	29.1	7.8
	Min	ND	ND	-	ND	ND	-	ND	ND	ND	ND	ND	ND	ND	ND	-	1.7
	Max	4.9	1.7	5.2	0.9	0.3	0.9	18.5	0.2	4.5	4.3	1.9	1.1	3.1	5.0	29.1	31.6
	Mean	2.2	0.5	1.7	0.7	0.3	0.1	7.7	0.2	1.6	1.9	0.7	0.4	1.4	1.1	11.1	0.2
	Median	2.0	0.2	1.1	0.8	0.3	0.0	4.6	0.2	1.2	0.9	0.5	0.1	1.4	0.6	10.	

Table 3 .

 3 Summary of POP levels (ng/g) in sediments (dry weight) of coastal environments (estuaries and mangroves) worldwide 1

2

  A=DDE, B=10 PAHs, C=10 PCBs, D= 2HCHs, E=18 OCPs, F=21 PCBs, G=6 PCBs, *=sediment core, H=40 PCBs, i=11 PCBs, J=13PCBs, K= 6DDTs, L= 3HCHs, M= , N= γ-HCH, O= 14 OCPs,
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