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I. Introduction 

Estuarine and coastal areas are complex and dynamic aquatic environment [1]. When river water mixes with 

seawater a large number of surface water and sediment as a very sensitive issue. The natural processes, such as 

precipitation inputs, erosion, weathering of crustal materials, as well as the anthropogenic influences, urban, 

industrial and agricultural activities, calling for increasing exploitation of water ressources, together determine 

the quality of surface water and sediment in region. A major problem in coastal areas is the anthropogenically-

induced disturbance of the marine environment. Sediments accumulate natural and anthropogenic compounds 

from the overlying water. As such, heavy metals, hydrocarbons and other pollutants derived from human 

activities produce perturbations in the ecosystem; these change its biotic conditions and affect its biota.  

The study of physical and biological parameters, in such environmental, permits the assessment of 

environmental and ecological quality status. Various studies have demonstrated that benthic organisms are 

useful indicators of ecological status, and they respond predictably to various natural and man-induced 

disturbances (Thouzeau et al, 1991 ; Daner , 1993 ; Ritter and Montagna, 1999). The analysis of changes in 

benthic communities , using various univariate and multivariate methods, have become an important tool in the 

assessment and monitoring at the biological effects of marine pollution. 

 

II. Presentation of the site 

The study area located in the Mediterranean coast between EL Hoceima (35° 14 57 N 3° 55 58 w) and Nador 

(35° 10 42 N, 2° 55 51 W). This area has high fisheries potential and ecological importance, in geographical 

terms, it’s territory is characterized by: The mountains (35%); the trays 30%); and the Plains (35%).  

 

III. Materials and methods 

A. Site water collection and physicochemical analysis  

Site water for physicochemical analysis was collected at 8 sampling locations with a clean plastic bucket at an 

average depth of 50 cm (figure1). Preservation and transportation of the water samples to the laboratory were as 

per standard methods [2]. Water temperature was measured on the site using mercury thermometer.The salinity 

was measured using a portable conductivity meter. Dissolved oxygen was determined by (WTW oxi96 oxygen) 

method. Total suspended solids (TSS) measuring physical pollution, they are evaluated after solubilization of 

soluble salts. Nitrite analyzed by (ICP-AES) method. The major ions : Chloride (CI-) were measured by  method 

of Mohr [3]. Sodium (Na +) was determined by flame spectrophotometry. Calcium (Ca2+) and magnesium (Mg 
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2+) were determined by complex metric using a solution of disodium salt of ethylene diamine tetra acetic acid 

(EDTA) (Ca2+: [4]  and Mg 2+: [5]). Trace elements (B, F) analyzed by ICP-MS method. The Sulphates was 

determined by the nephelometric method [3]. Bicarbonate HCO3-were measured in the laboratory by acid 

titration using an automatic titrator type crison compact titrator. 

 

Figure 1 Study area and Water, Sediment & Benthic samples locations (NE Moroccan coast) 

 
 

B. Collection and analysis of sediments  

Surface sediment sample were collected at 10 sampling locations using a stainless steel Van Veen grab sampler. 

Sediment samples collected for physicochemical analyses were pooled and further treated as one single sample. 

A simple of each sample was dried at 60°C in oven until constant weight and weighed. Dried sediments were 

analyzed in order to determine grain size [6], and geochemical analysis .The grain size distribution of a sediment 

sample is determined by  sieving technique .  Trace elements (Cu, Cd, Cr, Ni, Pb and Zn) were analyzed by 

Inductively Coupled plasma Atomic Emission Spectrometry (ICP-AES) method. The distinction between 

‘‘polluted '' and'' unpolluted ‘‘sediments were identified according to contamination levels N1 and N2 of French 

standards [7]. 

 

C. Sampling of benthic macrofauna and species identification 

Benthic fauna was collected at 10 sampling locations (Figure 1). The samples of benthic macrofauna were 

performed using a Stainless Van Veen grab sampling (0.1 m² surface).  

Samples are sieved on site with each sample being washed with seawater, throught a 1mm metal mesh sieve. 

The material retained on the sieve is then transferred to a clearly labelled, airtight container, taking care not to 

leave animals on the sieve. Alternatively in the field, samples may be potted whole and separately into labelled 

sealed pots or double plastibag. Samples are subsequently preserved using buffered formalin (50g sodium 

tetraborate in 2.5 litres of 40 % formaldehyde solution, diluted with seawater to 4% solution), as soon after 

collection as practicable. 

Diversity of benthic communities was defined from 4 indices: 

- Species richness (S) was defined as the total number of taxa, for each taxa, the names of the species were 

identified using the ERMS (European Register For Marine Species, 2001) [8]. 

- Abundance (N) was expressed as the number of individuals per m² (calculated as the raw count x 25 ), except 

for colonial organisms which were counted as present/absent. 

- Shannon diversity index (H ') calculation employed the natural logarithm opposed to log base 2 (Clarke and 

Warwick2001). 

- Evenness index (J '): This index reflects the equal distribution of individuals per species, J varies from 0 (one 

species in the stand) and 1 (the number of individuals per species is still the same).  

 

D. Ecological status of the environment 

Ecological quality of the environment has been estimated on the macrofauna composition .The implementation 

of the European Union Framework Directive for coastal waters, various index have been developed. The three 

most commonly used indices are: the AMBI [9], the BENTIX (Simboura & Zenetos, 2002) [10] and the BOPA 

[11]. These index are based on the classification of species in different ecological groups (EG) according to their 

sensitivity / tolerance to stress.  These  EG are ranked according to their sensitivity to an increasing stress 
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gradient : EG1 (species very sensitive to organic matter enrichment ) , EG2 (species indifferent to  enrichment ), 

EG3 (species tolerant to excess organic matter enrichment ), EG4 ( second-order opportunistic species favored 

by excess organic matter enrichment ), EG5 (first- order opportunistic species favored by excess organic matter 

enrichment ).The proportions of the five ecological groups (EG) were used to calculate the AMBI index ( Borja 

et al., 2000; Borja and Muxik , 2005), it is calculated using the formula: AMBI =0EG1 + 1.5EG2 + 3EG3 

+4.5EG4 + 6EG5.The results of the AMBI calculations can vary between 0 (high ecological Status) and 7 (bad 

ecological Status ) ( Borja et al., 2003).The BENTHIX index ( Simboura and zenetos , 2002) , the same groups 

were used, but were proportioned differently EG1 and EG2 were placed in a second group GII , and the 

calculation was BENTHIX = 6 GI + 2 GII.The result for the BENTHIX index can either be equal to 0 (bad 

ecological Status) or can vary between 2 (poor ecological Status ) and 6 ( high ecological Status). The BOPA is 

based on the ratio of opportunistic polychaetes  (ie EG4 et EG5 of the AMBI) and amphipods, except  Jassa). It 

is calculated using the formula : BOPA = log10 [(fp / fa  + 1) + 1]where (fp) is the polychaetes opportunistic 

frequency and (fa) is the amphipods frequency (except Jassa spp.).The BOPA index is null only when there are 

no opportunistic polychaetes, indicating an area with a very low amount of organic matter.  

 

Table 1  Ecological status according the three index  

Index High Good Moderate Poor Bad 

AMBI 0-1,2 1,2-3,3 3,3-4,3 4,3-5,5 >5,5 

BENTIX 6-4,5 4,5-3,5 3,5-2,5 2,5-2 0 

BOPA 0-0,04 0,04-0,13 0,13-0,19 0,19-0,26 0,26-0,30 

 

III. Results and Discussion 

A.  Water parameters 

The different water quality parameters are shown in Table 2.pH Values ranged between 7.76 and 8.28 pH 

corresponding to alkaline system.The temperature varied  between 20°C and 21.7 °C. Salinity ranged between 

36.7 g / l and 37.8 g / l. The values of Dissolved Oxygen obtained reflect well oxygenated water , They ranged 

between 5.76 mg / l and 7.3 mg / l. Suspended solids varied between 0.8 mg / l and 3.64 mg / l.  

Concerning major elements, the mean and maximum concentration  of  N (10.4 to 22.7), Cl (16422-20818), K 

(286-477), Na (971-1121) , Ca (385-481) ¸Mg (1132-1311), B (4.14 -5.41), F (1.03- 2.1),SO4
2- (2.03-3.1),HCO3-

(0.13-0.46). In conclusion the analysis  shows that all samples sites had a good water quality. 

Table 2 The values of water quality parameters collected at 8 stations 

Sample 1 2 3 4 5 6 7 8 

pH 8,1 7,97 8,18 7,76 7,90 8,06 8,11 8,28 

T° (°C) 20,4 20,18 21,03 22,0 21,27 20,5 21,04 20,94 

Salinité (g/l) 37,07 37,54 37,6 36,92 37,44 36,88 37,16 36,73 

O2 dissout (mg/l) 7,3 6,42 5,76 6,22 5,86 6,11 7,12 6,32 

MES (mg/l) 3,64 1,38 2,06 2,27 0,8 1,21 0,88 1,05 

N (mg/l) 15 10,4 22,7 9,4 11 15,6 9,7 12,1 

Cl (mg/l) 18980 19211 18461 17692 16422 18422 20818 19422 

K (mg/l) 398 286 319 422 349 395 477 371 

Na (mg/l) 1076 1099 1035 996 971 1082 1102 1121 

Ca (mg/l) 412 481 400 358 469 416 376 382 

Mg (mg/l) 1272 1182 1246 1311 1132 1170 1411 1297 

B (mg/l) 4,5 4,18 5,41 4,63 6,0 4,14 4,99 3,59 

F (mg/l) 1,3 1,2 1,74 1,03 1,7 2,1 1,44 1,32 

Sulfates SO4
2- (g/l) 2,65 2,92 3,1 2,7 2,35 2,22 1,94 2,03 

Bicarbonates HCO3
- (g/l) 0,14 

0,13 0,17 0,14 0,46 0,18 0,15 0,28 

 

B. Granulometry and distribution of sediments 

Analysis of the bathymetric map prepared in 2004 by the Moroccan company of ports dredging “ Drapor “ and 

the grain size analysis of sample sediments collected in the study area (Figure 2 and Figure 3) have Identified 

three distinct areas (Figure 3): Area 1: located around Cap Ras Afraou shows a very irregular bathymetry , also 

we notice presence of  rocky outcrops underwater. Area 2: located in front of Oued n-Lmaadene and forms a 

very open bay. This area is represented by sands and silty sands. Area 3: From the East  of  Sidi Saleh river to 

the West of the Amekrane river,it’s represented by sandy muds (25 to 90% clay) and vessels.  
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C. Sediment chemistry  

The results of chemical analyze (Table 3) show that they have lower levels of N1 values French standards 

(Geode, 1996). Heavy metals show the mean and maximum concentration: Pb (0-3.9), Cr (4.66 - 16.76), Cd (0-

0.2), Cu (0.87 - 5, 54), Ni (0.1 - 2.3), Zn (8.62 to 23.2). All of the heavy metal concentration in the site was not 

elevated above N1 level; also the sediments in this area are unpolluted [12]. 

 

Table 3 The values of geochemical sediment analysis 
Sample Pb 

(mg/kg) 

Cr 

(mg/kg) 

Cd 

(mg/kg) 

Cu 

(mg/kg) 

Ni 

(mg/kg) 

Zn 

(mg/kg 

1 2,8 5,61 - 2,72 1,61 16,12 

2 3,2 16,76 - 1,8 2,3 23,2 

3 0 4,66 - 3,24 - 19,05 

4 2,8 12 - 2,25 - 15,01 

5 3,9 14,72 - 2,93 0,2 12,16 

6 2 9 - 5,54 1,6 8,62 

7 1,4 12,1 - 1,8 - 20,3 

8 1,7 8,6 - 3,1 0,1 10,6 

9 0,9 5,1 0,2 1,12 - 11,7 

10 1,3 6,0 - 0,87 - 14,1 

Norm N1* 100 90 1,2 45 37 276 

Norm N2* 200 180 2,4 90 74 552 

 

Figure 2 Bathymetry map (in Drapor, 2004)  and distribution of sediments at  the study area

 
 

Figure 3 Sample granulometry  
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D. Benthic macrofauna 

A total of 52 taxa were identified in the area study. The Arthropoda Malacostraca is the most speciose 

taxonomic group with 22 taxa identified (42,3 %of the total). The Annelids (28,84%)  and the Molluscs (25%)  

were the next most speciose group with 15 and 13  taxa respectively. In addition, we notice presence of one (1) 

Echinoderm , and one (1) Nemertea (Figure5). Annelids are mainly polychaetes. Arthropods are crustaceans 

mainly dominated by amphipods. Molluscs are divided between Bivalvia and Gastropoda. On the structural 

level (Figure 6), species richness and abundance vary respectively between 15 and 18 , and between 320 and 

920 ind. / Sq. The Shannon diversity index (H ') and the evenness  (Pielou ) index (J')  vary between 3.5 and 4.5 

bits, and between 0.8 and 0.9 respectively. These index shown good structured level of the benthic macrofauna 

in the study area.  

 

Figure 4 Biodiversity of benthic macrofauna in the study area. 

Ann: Annelids Polycheates, Cru : Crustaceans, Mol : Molluscs, 

 Ech : Echinoderms, Nem : Nemerteans. 

 
 

Figure 5 Structure of benthic macrofauna populations at the study area

 
 

E. Ecological Status of environment  

The results of the assessment of the ecological quality  are shown  in Table4. 
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AMBI index values  range between 0.55 (station 9) and 1.07 (station 5). The values obtained at all stations 

surveyed show a good healthy status of  benthic macrofauna populations and, therefore, a good ecological state of 

the environment in the study area. Same thing for the other two biotic index used in this study: BENTIX and 

BOPA that reveal states of ecological environment quality varies between good and very good. The values 

obtained for the BENTIX varied between 4.37 and 5.68 while for the BOPA index shown zero values for all 

stations, this result is explained by the absence of opportunistic polychaetes in the study sites. In summary, using 

both AMBI BOPA and BENTIX index shows a very good ecological quality status of this environment. 

  

Table 4 Assessment of ecological status in the area study. 

Stations AMBI BENTIX BOPA 

S1 1,06 4,96 0 

S2 0,87 5,00 0 

S3 0,83 4,37 0 

S4 1,04 5,05 0 

S5 1,07 5,04 0 

S6 0,86 5,26 0 

S7 0,72 5,09 0 

S8 0,48 5,69 0 

S9 0,55 5,13 0 

S10 0,9 5,04 0 

 

V. Conclusion 

The European Union Water Framework Directive (WFD, 2000) requires the establishment of methods to quantify 

the ecological status of water bodies. Biological indicators play a key role in the assessment of ecological status. 

Biological assessment results need to be expressed using a numerical scale between zero and one, the ‘Ecological 

Quality Ratio’ (EQR) [13]. The EQR value one represents (type-specific) reference conditions and values close to 

zero bad ecological status (Figure 1.1). The use of EQRs is prescribed in Annex V, 1.4.1 of the Framework 

Directive. The present study aims to expand the knowledge of the study coastal area, and to define its 

environmental and ecological reference state. 

Analysis values obtained shows that the sediments are not polluted; water has a good quality also this 

environment is not affected by any pollution. The sedimentary area analysis shows the existence of three types of 

sediment: mud, sand and rocky outcrop. And the three Marine biotic index calculated shown that this 

environment had a good ecological quality. 
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