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ABSTRACT: 

This work presents an assessment of marine pollution due to heavy metals accumulated in 

surface sediments collected from the Lévrier bay coastline in NW Atlantic, Mauritania. The 

samples were subjected to HCl and HNO3 digestion, and an atomic absorption 

spectrophotometer was used to determine the concentrations of all metals (Cd, Pb, Cu and 

Zn) with the exception of Hg that was analysed by DMA-80 Direct Mercury Analyzer. The 

ranking of the metals at all studied sites was Al>Zn > Cu >Pb> Cd>Hg, and all the 

sediments samples displayed lower concentrations than the calculated worldwide mean of 

unpolluted sediments. The data were classified according to seasons. . Eight common 

pollution indices (i.e. EF, Igeo, QoC(%), CF, SPI, PLI, Cd and PERI)were applied to 

ascertain the sediment quality. The enrichment (EF) factor resulting from Pb, Cu and Zn 

were <1 in surface sediments at all sampling sites and for Cd at Cap Blanc, indicating no 

enrichement . EF values in COMECA and Baie de l'Etoile for Cd were 1 < EF < 3, 

indicating a low enrichment. EF values for Cd at IMROP were 3 < EF < 5 indicated a 

moderate enrichment. The value of the geoaccumulation (Igeo) factor from all metals 

analysed was less than 0 in all sampling sites, which classified the sediments as 

uncontaminated.The value of contamination (CF) factor for all elements analyzed was 

lower than 1 across all sampling sites, implying a low contamination.The values of 

Sediment Pollution (SPI) Index were 0<SPI<2, indicating a natural status of sediments in 

COMECA, Baie de l'Etoile and Cap Blanc. The SPI values at IMROP were 2<SPI<5, which 

showed a low pollution of sediments on this site. The value of the pollution load (PLI) 

index was <1, which indicated that no metal pollution existed in sediments in all studied 

sites. The values of the contamination degree (Cd) were <6 in all sampling sites, indicating a 

low degree of contamination. The values of the Potential Ecological Risk (PERI) index 

were 21.5<PERI <28.4 in all sampling sites, indicating a low ecologic risk.These results 

provide an important reference for future comparisons in the West African sub-region on 

the state of contamination of marine and coastal areas.  
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1. INTRODUCTION 

The Mauritanian coastline is under increasing anthropogenic pressure from the land. 

Urbanization, fishing, port facilities, oil exploration and exploitation all present potential 

threats to the richness of the fishery resources. All these activities are likely to generate 

pollution, chronic or accidental.  

The Lévrier bay is home to important fishing and industrial activities. It is considered 

the area where the country's fishing and industrial activities are most intense. This situation 

is at the origin of disturbances of the marine environment; mainly due to industrial 

discharges loaded with organic and inorganic pollutants such as trace metals, some of 

which may be toxic to marine fauna and flora (L. Chouba et al., 2007). Coastal areas can be 

seriously affected by chemical contamination due to the long hydrologic residence time and 

consequent long-term retention of pollutants and atmospheric deposits that originate from 

(Alharbi & El-Sorogy, 2017; Liu et al., 2018; Zhang et al., 2017). 

Introduction of heavy metals into the marine environment induces their accumulation 

in sediments. Many studies have dealt with heavy metal pollution worldwide in coastal 

areas discharge, oceanic dumping and aeolian processes along littoral zones. Most of these 

studies have used heavy metal analysis in sediments(Ghasemi, Moghaddam, Rahimi, 

Damalas, & Naji, 2018; Liu et al., 2018; Zhang et al., 2017). There are several methods for 

evaluating metal pollution in sediment and for risks caused by trace metals (Bastami et al., 

2015; Izah, Bassey, & Ohimain, 2017; Sharifinia, Taherizadeh, Namin, & Kamrani, 2018; 

Vu et al., 2017; Yu et al., 2017). 

The purpose was to provide preliminary information on environmental conditions and 

risks from metal contamination, and to evaluate the spatial and temporal variability of data 

covering 32 months during the cold and hot season. We also verified whether metal 

concentrations did were not significantly higher in sediment of the Lévrier bay, a coastal 

water located on the north shoreline of Mauritania. The main objectives of the present study 

were to (a) evaluate the spatial and temporal distribution of trace metals in surface 

sediments impacted by anthropogenic activities, (b) compare the level of pollution in the 

Lévrier bay coastal area with neighboring coasts and coasts elsewhere in the world, (c) 

compare heavy metals concentrations with the sediment quality guideline values and 

estimate their possible effects on the aquatic life of the study area (d) determine the 

ecological risk of Zn, Pb, Cu, and Cd in  surface sediments using pollution indices and (e) 

make recommendations in terms of management to decision-makers. 

 

2. MATERIALS AND METHODS 
 

2.1. Study area 
 

The Mauritanian coastline covers nearly 720 km. The coastal waters are the scene, 

among others, of two major phenomena. The first one is the occurrence of the thermal front 

resulting of the meeting of the two main currents of the zone namely the Canary current and 

the northern equatorial counter-current commonly called the Guinea current. The second 

one is the coastal upwelling that is one of the most important oceanographic factors in 

shaping the hydrological regime and structures of water bodies in northwestern Africa. It is 

at the origin of a high abundance of phytoplankton in the system which is the basis of the 

complex food web of the marine environment. This coastal Upwelling explains in part the 

very great wealthin species of the Mauritanian waters which have a reputation as being one 

of the richest water in fish in the world. The Lévrier Bay, located in the extreme north-west 
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of Mauritania, is the only large natural bay on the Mauritanian coast and one of the largest 

on the west coast of Africa (Wagne, BRAHIM, DARTIGE, & SÉFRIOUI, 2011). The bay 

is home to important fishing and industrial activities. It is considered the area where the 

fishing and industrial activities of the country are most intense. The bay provides shelter to 

four different ports including that of the most important industrial and mining society of 

Mauritania (IMSM). The city of Nouadhibou, the economic capital of the country, has more 

than forty fishing companies specialised in fish processing. This situation is at the origin of 

disturbances of the marine environment; mainly due to industrial discharges loaded with 

organic and inorganic pollutants such as trace metals (cadmium, lead, mercury, etc.) which 

are often toxic to marine fauna and flora(Lassaad Chouba & Mzougui-Aguir, 2006). 

Studies on the hydrology of Mauritanian marine waters have identified four major seasons, 

the most important of which are the cold (January to May) and hot (August to October) 

seasons interspersed with two inter-seasons, the cold-hot season (June to July) and the hot-

cold season (November to December)(Wagne, 2013; Wagne et al., 2011).  

We conducted a seasonal survey of six heavy metals (Cd, Pb, Hg, Cu, Zn and Al) 

accumulated in sediments during 32 months, from January 2013 to October 2016 during 

both the cold and the hot season at four stations located in the Lévrier bay coast (Fig. 1).  

Sites were positioned along transects using a Garmin 585 global positioning system 

(GPS) with a resolution of about 3.5 m: 

• Baie de l'Etoile (21° 02’ 19.2’’ N. 17° 01’ 36.8’’ W);  is located in northwestern 

Africa. It is the only African bay to the north to be characterized by a significant area of salt 

marshes spartines; 

• Cap Blanc (20° 46' 47.58" N. 17° 03' 30.24" W); Nature Reserve, home to one of the 

world's largest threatened colonies of monk seals; 

• COMECA’s sampling point is located outside Cansado Bay and more specifically on 

the southwest side of Cansado Point not far from the oil port and near the metallurgical 

company “COMECA” (20° 50’ 24.7’’ N. 17° 02’ 03.6’’ W);  

• IMROP’s sampling point is located in the southeast of Cansado bay (20° 51’ 26.2’’ 

N. 17° 01’ 52.0’’ W). It is the site of all the urban discharges of the bay, in particular the 

Cansado effluents containing domestic sewage. 

 
Fig. 1. Location of the study area and sampling sites 
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2.2. Trace metal-based indices 

 

To assess the quality of the sediments collected in this work, we used the Enrichment 

factor (EF), Quantification of contamination QoC (%), Contamination factor (CF), 

Geoaccumulation index (Igeo), Sediment Pollution Index (SPI), contamination degree (Cd), 

potential ecological risk index (PERI) and pollution load index (PLI). These indices are the 

most common quantitative methods to assess pollution compared to the concentrations of 

the elements in the background samples taking into account the bioavailability of the 

various trace elements(Li et al., 2013). The abbreviations, terminology, algorithms and 

descriptions of metal pollution indices used in this study are listed in Table 1. 

 
Table 1. 

 Pollution indices, abbreviations, algorithms, descriptions and terminology  

 

Algorithm Description Terminology 

 

Cn
Sample

Cref
EF

Bn

Bref

  
  
  

  
  

  

        (1) 

Cn: the content of the 

metal in the examined 

environment 

Cref : the content of 

the examined element 

in the reference 

environment 

Bn: the concentration 

of the metal in the 

background 

Bref : the content of 

the reference element 

in the reference 

environment 

EF<2 depletion to minimal 

enrichment 

EF = 2–5 moderate 

enrichment 

EF = 5–20 significant 

enrichment 

EF = 20–40 very high 

enrichment 

EF>40 extremely high 

enrichment 

 

( )
(%)

100

Cn Bn
QoC

Cn

 
   

    (2) 

QoC: The index of 

contamination 

Cn: the concentration 

of the metal in the 

sample 

Bn: the concentration 

of the metal in the 

background 

If QoC values of heavy metal 

where positive. 

indicating that heavy metal 

contamination is 

anthropogenic in nature 

 

2log
(1.5 )

n
geo

n

C
I

B

 
  

 

  (3) 

𝐶𝑛: 𝑡ℎ𝑒 𝑚𝑒𝑠𝑢𝑟𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

the of metal (n) in the 

sample 

Bn: the geochimical 

background 

concentration of the 

metal(n) 

The factor 1.5 used to 

minimize the effect of 

possible variation in 

the background values 

Igeo<0 uncontaminated 

0<Igeo< uncontaminated to 

moderately contaminated 

1<Igeo<2 moderately 

contaminated 

2<Igeo<3 moderately to 

strongly contaminated 

3<Igeo<4  strongly 

contaminated 

4<Igeo<5 strongly to 

extremely contaminated 

Igeo<5 extremely 

contaminated 
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i

f

Ch
CF

C
     (4) 

n: number of heavy 

metals 

CF: contaminant 

factor 

Ch: heavy metal 

concentration 

Cs: heavy metal 

background reference 

values (Zn=64. 

Cu=26. Pb=10. 

Cd=0.16) 

CF<1 low contamination 

1<CF<3 moderate 

contamination 

3<CF<6 considerable 

contamination 

CF>6 very high 

contamination 

 1 2 3.....
n

nPLI CF CF CF CF   

(5) 

n: number of heavy 

metals 

CF: contaminant 

factor 

PLI>1 metal pollution is 

present 

PLI< There is no metal 

pollution 

( )m m

m

FE W
SPI

W






      (6) 

EF: ratio between 

sediment total content 

in a given sample and 

average shale 

concentration of a 

metal m; 

W: toxicity weight of 

metal m (Zn=1. Cu=2. 

Pb=5. Cd=300) 

0<SPI<2 natural sediments 

2<SPI<5 low polluted 

sediments 

2<SPI<10 moderately 

polluted sediments 

10<SPI<20 highly polluted 

sediments 

SPI>20 dangerous sediments 

1

n

d ii
C CF


       (7) 

 

Cd: sum of the 

contaminant factor 

(CF) 

Cd<6 low degree of 

contamination 

6<Cd<12  moderate degree of 

contamination 

12<Cd<24 considerable 

degree of contamination 

Cd>24 high degree of 

contamination 

i

rPERI E  (8)  

 

Ci i i

r r fE T      (9) 

 

𝑇𝑟
𝑖:toxicity coefficient 

(Zn=1. Cu=Pb=5. 

Cd=30. Hg=40) 

CF: contaminant 

factor 

PERI<95 low potential 

ecologic risk 

95<PERI<190 moderate 

ecologic risk 

190<PERI<380 considerable 

ecologic risk 

PERI>380 very high ecologic 

risk 
 

2. 3. Sampling and analytical procedure 

 

Sediment samples were taken from the shoreline at low tide using PVC tubes with an 

internal diameter of 58 mm (quantity 132 ml). An effort was made not to disturb the edges 

of the sample and to transfer all of the core into glass bottles (maroon colour) for heavy 

metal analyzes (including Al as a marker) or polyethylene bags for granulometry using a 

stainless steel spatula. The samples were then kept whole without sieving. Then kept 

refrigerated at 4-10 ° C for 6-48 hours and frozen at -50 ° C after arrival at the laboratory. 

Samples were mineralized in closed Teflon bombs. Weigh precisely about 0.2 g of dry 

weight to be analyzed; 10 ml of concentrated HNO3 nitric acid (for analysis) was added; 
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the reactors were hermetically closed and left at room temperature for at least 1 hour. They 

are then heated by microwave according to a well-defined program.  

The analysis of Cd, Pb, Cu, Zn and Al was done by the graphite furnace method and 

the Hg analyzes were made by a DMA-80 Direct Mercury Analyzer. At the end of the 

neutralization, the mineralizer was poured into a 50 mL Teflon tube which was 

supplemented with ultrapure water to the required volume and filtered. This procedure was 

validated by performing the same extraction on a standard HISS-1 certified sediment 

(National Research Council of Canada, certified reference materials, marine sediments) and 

the results obtained were compared to the certified values in Table 2. All samples were run 

in triplicate and all elements were subsequently expressed in mg kg-1 dry weight. 

 
Table 2. 

Measured and certified values of trace metals and detection limits (mgkg-1DW) in the sediments 

standard reference material BCR16-ERM278K. 

 

 Cd Pb Hg Cu Zn AL 

Measured 17±1 590±30 8.4±1 800±40 2983±100 7.3+0.5 

Certified 18  ± 0.5 609 ± 14 8.6 ± 0,4 838 ± 16 3060±60 --- 

Detection limits 0.02 0.26 0.006 0.25 0.29 --- 

 

2.4. Statistical analysis 

 

All data were statistically processed in STATISTCA ver. 6, SPSS for Windows version 

20.0 (2008) and the graphics were drawn in ArcGis 10.3 and OriginPro 8. Heavy metal 

concentrations in sediments were compared to sediment quality standards, such as, ISQGS 

and USEPA, to illustrate the state of pollution in the study area. To assess the ecological 

health risks of trace metals in the study area, chemical pollution indices were also 

calculated.  

3. RESULTS AND DISCUSSION 

3.1. Trace metals concentration in superficial sediments at Lévrier bay 

3.1.1. Environmental gradients 

Samples taken from the various sites in the Lévrier bay consist for up to 43% of sand 

(63µm-2mm) and for 16% of silt (2-63 µm). Samples taken at Cap Blanc and COMECA 

were mainly made up of sand (55 and 45%, respectively) the grain size of which varied 

between 63µm and 2mm. These two sites, therefore, consist of rather homogeneous sand 

but with a marked discontinuity composed of silt at Cap Blanc (35%) and COMECA 

(22%).  
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Samples taken at the Baie de l'Etoile and IMROP contained the lowest levels of silt (2 

and 2.7%, respectively) the grain size of which one varied between 2 µm and 63 µm. The 

intense mining activity for about sixty years would be at the origin of this enrichment in 

fine materials of this place (Maigret, J, 1972). As reported in many studies, decreased 

concentrations of heavy metal in sediments are strongly and positively correlated to grain 

size. Thus, a high level of concentration of heavy metals is generally associated with the 

fine-grained material (<63 μm) compared with size grains> 63 μm, since the size of their 

surfaces has an influence on the collection and transport of inorganic constituents 

(Krauskopf, 1955; Romankevich, 1984). 

 

3.1.2. Variation of heavy metal concentrations in sediments 

 

Mean concentrations of the heavy metals (mean ± SEM) in sediments of the Lévrier 

bay by individual sites are presented in table 3. 

The highest Zn concentration of 1.900±0.620 mgkg-1 (DW) was found at Cap Blanc 

and the lowest values were observed at IMROP (1.219±0.424. mgkg-1 DW). The highest 

and lowest Cu concentrations were observed at Baie de l’Etoile and COMECA 

(0.590±0.007and 0.084±0.003 mgkg-1 DW, respectively). The highest concentrations of Pb 

were found at COMECA (1.671±0.534 mgkg-1 DW) and the lowest concentrations were 

found Cap Blanc (0.251±0.111 mgkg-1 DW). For Cd, Baie de l'Etoile exhibited the highest 

concentration (0.130±0.070 mgkg-1 DW) and the lowest concentrations were observed at 

Cap Blanc (0.076±0.021 mgkg-1 DW). However, the Hg values were the lowest among the 

metals analyzed regardless of the sampling site. The ranking of the heavy metals in the 

sediments of the Lévrier bay was Al>Zn > Cu >Pb> Cd>Hg (table. 3). 

 

 

Table 3. 

Concentraions of heavy metal (mean±Standard deviation: mg/kg DW) in sediments for the 

studied sites  

 

Sites Cd Pb Hg Cu Zn Al 

CO 0.090±0.018 1.671±0.534 0.016±0.002 0.084±0.003 1.349±0.011 3.038±0.988 

BE 0.130±0.070 1.000±0.400 0.017±0.002 0.590±0.007 1.283±0.045 3.113±1.023 

CB 0.076±0.021 0.251±0.111 0.020±0.002 0.573±0.083 1.900±0.620 3.635±0.240 

IM 0.082±0.012 0.805±0.028 0.019±0.002 0.352±0.008 1.219±0.424 0.886±0.009 

 
Heavy metal concentrations in superficial sediments varied between cold and hot 

seasons (Fig.2), with increased Cd and Hg concentrations samples collected during the cold 

season at all sampling sites and for Al in the samples taken from COMECA and Baie de 

l'Etoile. During the hot season, the concentrations of Pb, Cu and Zn were higher at all 

sampling sites, and also for Al taken at Cap Blanc and IMROP. The discharge of domestic 

and industrial wastewater at sea containing metals such as Cd, Cu and Zn, may provide a 

dominant and constant input into the sediments of Lévrier bay, thus masking the natural 

seasonal patterns. 
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The absence of significant variations in the concentration of metals in surface 

sediments between sampling dates can be explained by deposits (of natural and / or 

anthropogenic elements) and post-depositional remobilization processes, with modification 

of the diagenetic activity, likely to influence the concentrations. (with or without a seasonal 

cycle) (Ridgway & N.B. PRICE, 1987). However, many factors related to the natural 

variability during the seasons in the physical and chemical characteristics of sediments 

(especially between cold and hot seasons) can also strongly affect the retention capacity of 

heavy metals and thus the concentration of metals in the surface sediments. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 2. Heavy metal concentrations in sediments for the studied sites and seasons. 

 
The average concentrations of metals analysed in this study and previous work on the 

northwest Atlantic coasts are summarized in Table 4. The average concentrations of all 

analyzed heavy metals in this study are significantly lower than values for other areas of the 

sub-region. 
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Table 4. 

Comparison of trace metal concentration in sediments at the Lévrier bay and other areas along 

the North West Atlantic coast 

 
Sampling 

sites 
Cd Pb Hg Cu Zn Al Reference 

Mauritania 

Comeca 0.090±0.018 1.671±0.534 0.016±0.002 0.084±0.003 1.349±0.011 3.038±0.988 
Present 

work 

BaieEtoile 0.130±0.070 1.000±0.400 0.017±0.002 0.590±0.007 1.283±0.045 3.113±1.023 
 

Cap blanc 0.076±0.021 0.251±0.111 0.020±0.002 0.573±0.083 1.900±0.620 3.635±0.240 
 

Imrop 0.082±0.012 0.805±0.028 0.019±0.002 0.352±0.008 1.219±0.424 0.886±0.009 
 

Banc 

d'Arguin 
0.16 5.4 --- 4 26 2.90 

(Nolting, 

Ramkema, 

& 
Everaarts, 

1999) 

Marocco Atlantic coast 

Estuaries 
       

Loukous 0,15-1,60 31,81-49,66 --- 1,63-32,33 
64,81-

115,27 

12564-

48567 

(Cheggour 
et al., 

2001) 

Sebou 1,15 --- --- 20 217 --- 

Bouregreg 1,64 --- --- 18,3 178 --- 

Oum Rabia 1,45 
  

16,2 222 
 

Lagoon 3.6 18-92 --- juil-65 25-221 --- 

Sénégal 
 

Dakar coast 0.65 --- --- 9.98 15.5 8.5 
(Diop et 

al., 2012) 

Spain 

Southern 

Atlantic 

Coast 

0.38 16.09 0.20 30.09 173.45 --- 

(Usero, 

Morillo, 
& Gracia, 

2005) 

 

 

3.2. Toxicity assessment 

 

Sediment contamination and contaminant bioavailability were assessed using the 

sediment quality guideline values recommended by the United States Protection 

Agency(USEPA, 2014) and the Standard Canadian Interim Marine Sediment 

Quality(ISQG, 1995). The concentrations of the heavy metals analyzed in the sediments 

were compared with the thresholds levels (ERL, ERM, PEL, LAL and HAL) for adverse 

effects of these metals on the biota in the study area.  
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For an assessment of the environmental aspects of the sediments analyzed and their 

possible effects on aquatic life in the coastal fringe of the Lévrier bay, it was necessary to 

use the reference values or standards in relation to the obtained results. 

 
Table 5. 

 EPA guidelines for sediments, comparison of standard concentrations (mg-1Kg) for threshold 

impact of pollutants with sediments of the sampling sites 

 

USEPA guidelines Studied sites (Lévrier bay) 

 

No 

polluted 

Moderetely 

polluted 

Heavly 

polluted 
COMECA 

Baie de 

l'Etoile 
Cap Blanc  IMROP 

Cd - - >6 0,090±0,018 0,130±0,070 0,076±0,021 0,082±0,012 

Pb <40 40-60 >60 1,671±0,534 1,000±0,400 0,251±0,111 0,805±0,028 

Hg <1,0 - >1,0 0,016±0,002 0,017±0,002 0,020±0,002 0,019±0,002 

Cu <25 25-50 >50 0,084±0,003 0,590±0,007 0,573±0,083 0,352±0,008 

Zn <90 90-200 >200 1,349±0,011 1,283±0,045 1,900±0,620 1,219±0,424 

 
The concentration of the elements studied (Cd, Pb, Hg, Cu and Zn) were evaluated by 

comparison with the United States Protection Agency(USEPA, 2014), sediment quality 

guideline values (Table 5), which shows that sediments from all sites sampled in this study 

were considered unpolluted. The comparison of metal concentrations analyzed in this study 

with the ERL, ERM, ISQG and PEL, LAL and HAL guideline values are presented in 

Table 6. 

The overall analysis (Table 6) shows that the Cu, Zn, Cd and Pb concentrations are 

lower than all the guide values given above. Therefore, these elements cannot cause adverse 

effects on the biota of the study area.  

Based on guideline values mentioned, a sample may cause a toxic effect once the 

concentration of one of the metals analysed reaches or exceeds ERL and ISQG limit 

values(Bakan & Özkoç, 2007). Thus, the guide values of four metals (Cd, Cu, Pb and Zn), 

presented in the Table 6 mentioned above, were used as a reference to illustrate the quality 

of the samples studied.  

For the Hg and Al analyzed and in the absence of guide values, their possible effects 

on aquatic life have not been verified. In addition, these values have been applied by many 

authors in environmental studies. As an example, in the work done by Caeiro et al, in 2005 

on the analysis of elements Cd, Cu, Pb, Cr, Hg, Al, Zn and As in the samples of sediments 

harvested from the estuary Sado at Portugal, 3% of the samples analyzed could have 

significant effects on marine organisms while 47% could have moderate effects.  

Bakan et al, in 2007 applied the guideline values to evaluate the impact of heavy 

metals (Cu, Zn, M. Cr. Cd. Pb. and Ni) in surface sediments from the Turkish coast of the 

Black Sea on biota. These authors confirmed that the values obtained are generally low to 

moderate and therefore posed no threat to biota. Pedro et al (2008), carried out a study 

concerning the effects of certain metals (Cd, Co, Cr, Cu, Hg, Ni, Pb and Zn) on the Tagus 

estuary in Portugal. Their study showed that the metals analyzed had only a weak effect. 
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Table 6. 

Comparison of standard concentrations for threshold impact of pollutants with sediments of the 

studied sites (mg/kg DW).  

Standard   Zn Cu Pb Cd 

NOAA sediment quality ERM 410 270 218 9.6 

 (Long, Macdonald, Smith, 

& Calder, 1995) 
ERL 150 34 46.7 1.2 

Canada environment 

(CCME, 1999) 

PEL 271 108 112 4.2 

ISOGS 124 18.7 30.2 0.7 

(USEPA, 2002) 
LAL 5 2 2 0.07 

HAL 410 270 218 9.6 

Sediment of the study area 

COMECA 1.349±0.011 0.084±0.003 1.671±0.534 0.090±0.018 

Baie de 

l'Etoile 
1.283±0.045 0.590±0.007 1.000±0.400 0.130±0.070 

Cap Blanc 1.900±0.620 0.573±0.083 0.251±0.111 0.076±0.021 

IMROP 1.219±0.424 0.352±0.008 0.805±0.028 0.082±0.012 

 

NOAA: National Oceanic and Atmospheric Administration (USA), ERL: concentration below which 

adverse effect would be rarely observed, ERM: concentration where biological effects may occur, 

ISQG: quality guideline value, PEL: concentration above which adverse effects are expected to occur 

frequently. 

 

3.3. Quality assessment with pollution indices 

 

3.3.1. Spatial variation in trace metal-based indices 

 
The use of the many indices and approaches is recommended for a better assessment of 

the quality of sediments and their development. They are fast and relatively simple to apply 

(Kwon and Lee., 1998). The use of these tools gives more performance and confidence in 

decisions about human health and marine and coastal ecosystems (Caeiro et al., 2005). For 

the calculation of certain indices, we have also used the average values of the metallic 

elements in the Earth's crust recommended by Taylor (1964) as background values. These 

average values are recent and calculated from several previous studies. In addition, these 

values are similar to those proposed by the authors (Turekian & Wedepohl, 1961; 

Wedepohl, 1995). Indices for elements in the sediments were calculated using Al as a 

reference element(Turekian & Wedepohl, 1961). Al is a reliable indicator of the 

contribution of terrestrial and crust-derived materials (Ackermann., 1980; Chester., 2000; 

Lide., 2003) to estimate the anthropogenic impact on sediments and to differentiate 

between the anthropogenic and natural sources of metals(Sinex & Helz, 1981; Sutherland, 
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2000). Results of pollution indices (i.e. EF, Igeo, QoC(%), CF, SPI, PLI, CD and PERI) are 

presented in Tables 7, 8. 

The Enrichment Factor (EF) was initially developed to study the origin of the elements in 

the different compartments of the sea environment(Duce, Hoffman, & Zoller, 1975; Zoller, 

W. H, Hoffmann, G. L, & Duce, R. A, 1974), but it was gradually developed and expanded 

to other areas such as soils, lake sediments, tailings, etc. The enrichment factor (EF) ranged 

from 0.88±0.04 to 3.44±0.12 for Cd, from 0.07±0.02 to 0.91±0.03 for Pb, from 0.02±0.01 

to 0.06 for Cu and from 0.05 to 0.19±0.02 for Zn. The EF for Pb, Cu and Zn were <1 in 

surface sediments of all sampling sites and for Cd at Cap Blanc, which denotes “no 

enrichement ” by these trace metals (Table 7). The EF values at COMECA and Baie de 

l'Etoile for Cd were 1 < EF < 3 which indicated a “low enrichment”. The EF values for Cd 

in sediments at IMROP were 3 < EF < 5 which indicated a “moderate enrichment”. The 

geoaccumulation index (Igeo) is used to evaluate heavy metal pollution in sediments 

(Muller., 1979, Banat et al., 2005).The results of the geoaccumulation factor (Igeo) of all 

metals analyzed are shown in Table 7. Igeo values of trace metals studied in sediments 

were less than 0 in all sampling sites, so they are classified as ‘uncontaminated’ (Table 7). 

The contamination factor (CF), which describes the contamination by a given toxic 

substance in a basin(Hakanson, 1980), is also used to assess contamination levels in relation 

to average concentrations of the respective trace metals in the environment i.e. sediment to 

the measured background values from previous studies with similar geological origin or 

uncontaminated sediments(Sutherland, 2000; Tijani, Jinno, & Yoshinari Hiroshiro, 2004; 

Uriah & Shehu, 2014). The contaminant factor (CF) ranged from 0.380±0.030 to 

0.650±0.050 for Cd, from 0.031±0.040 to 0.209±0.030 for Pb, from 0.002 to 0.011 for Cu, 

from 0.018 to 0.027±0.007 for Zn and from 0.011 to 0.044±0.003 for Al. The CF values for 

all elements analysed were <1 in surface sediments of all sampling sites, which indicates a 

“low contamination” by these trace metals (Table 8). Negative Igeo values and positive CF 

values suggest that the metal was imported by human activities, but that the metal in 

question has not yet reached the threshold of pollution due to the dilution in coarse 

sediments(Bhutiani, Kulkarni, Khanna, & Gautam, 2017; Oliveira, Palma, & Valença, 

2011) or caused by relatively low levels of contamination of some metals in some cores and 

the background variability factor (1.5) in the Igeo equation(Abrahim & Parker, 2007; 

Müller, G., 1979). Quantification of contamination (QoC (%)) represents the lithogenic 

metal(Asaah, Victor A., Akinlolu, F, & Suh, Cheo E, 2006). The QoC values for heavy 

metals Cd, Pb, Hg, Cu , Zn and Al were negative for all sampling sites, indicating that 

anthropogenic activities are not the causes of contamination at the majority sites in the 

study area(Table 7). The pollution load index (PLI) provides more complete information on 

the toxicity of the metals studied in the respective samples analyzed (Bhutiani et al., 2017; 

Ghaleno, 2015; Tomlinson, Wilson, Harris, & Jeffrey, 1980; Yang, Xu, Liu, He, & Long, 

2011). The pollution load index (PLI) ranged from 0.124±0.005 to 0.166±0.013 (Table 8). 

The PLI values in sediments of all studied sites were <1 which indicates that there was no 

metal pollution (Table 8). The PLI followed the order of the Baie de l'Etoile> Cap Blanc > 

COMECA > IMROP. The Sediment Pollution Index (SPI) is defined as the linear sum of 

the metal enrichment factors weighted by their respective toxicity weights. These metal 

toxicity weights are based on their different relative toxicity and are inversely proportional 

to the lithogenic limits of the average shale. This is based on the fact that metal 

concentrations in unpolluted sediments should not exceed average shale values (Singh et 

al., 2002). The Sediment Pollution Index (SPI) ranged from 0.856 to 3.363 in surface 

sediments of the study area (Table 8). The SPI values at COMECA, Baie de l'Etoile and 
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Cap Blanc were 0<SPI<2 which showed “natural sediments”. The SPI value at IMROP was 

2<SPI<5 indicated “low polluted sediments”. The contamination degree (Cd) is the sum of 

all contamination factors, which provides information about all contamination in a 

particular sampling location(Singovszka, Balintova, Demcak, & Pavlikova, 2017). The 

contamination degree (Cd) ranged from 0.688±0.052 to 0.817±0.143 (Table 8). The Cd 

values in sediments of all sampling sites were < 6 which indicated a “low degree of 

contamination”. The Potential Ecological Risk Index (PERI) is commonly used as a tool for 

the diagnosis of heavy metal pollution in sediments(Hakanson, 1980), as it takes into 

account the levels and toxicities of heavy metals(Ntakirutimana, Du, Guo, Gao, & Huang, 

2013). However, risk levels may be overstated because of the use of total content rather 

than species-related data.The geo-accumulation index shows the level of enrichment of 

heavy metals without taking into account the biological effect of heavy metals, while the 

potential ecological risk index (PERI) includes the toxicity of heavy metals to mitigate this 

deficiency. Therefore, combining these two evaluation methods can make the assessment 

results of the heavy metal pollution more comprehensive and rational(Yu et al., 2017). The 

potential ecological risk index (PERI) varied between 21.50 and 28.14 in the study area 

(Table 8). PERI values were <90 at all sampling sites, then according to Hakanson (1980) 

these sites were classified as being at “low ecologic risk”. The PERI ranking order was 

Baie de l'Etoile> COMECA > IMROP > Cap Blanc (Table 8).Such indices offer useful 

information, provided that their limitations are recognized. So, the overall results of this 

study showed the lowest levels of heavy metal contamination in the sediments at the 

Lévrier bay. The systematic monitoring and evaluation of these marine and coastal 

ecosystems is a priority for safeguarding ecological security .The data in this study provide 

a basis for future investigations of trace metal pollution and its possible impacts on the 

sensitive ecosystems. 
Table 7. 

Mean values (± SEM) of heavy for metals enrichiment factor (EF), geoaccumulation index 

(Igeo) and quantification of contamination (QoC(%)) in surface sediment at each sampling site 

along the Lévrier bay. 
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Table 8. 

Mean values (± SEM) of heavy metals for Contaminant factor (CF), Sediment Pollution Index 

(SPI),  pollution load index (PLI), contamination degree (Cd) and  potential ecological risk index 

(PERI) in surface sediments at all sampling sites from the Lévrier bay. 

Site 
CF 

SPI PLI Cd 
PER

I Cd Pb Cu Zn Al 

COMEC

A 

0.450±0.0

50 

0.209±0.0

30 
0.002 0.019 

0.037±0.0

02 

3.36±0.

12 

0.133±0.0

01 

0.726±0.1

08 

21.6

5 

Baie de 

l'Etoile 

0.650±0.0

50 

0.125±0.0

50 
0.011 0.018 

0.038±0.0

04 

1.22±0.

19 

0.166±0.0

13 

0.817±0.1

43 

28.1

4 

Cap 

Blanc 

0.381±0.0

60 

0.031±0.0

40 

0.010±0.0

02 

0.027±0.0

07 

0.044±0.0

03 

1.71±0.

05 

0.139±0.0

08 

0.688±0.0

52 

21.5

0 

IMROP 
0.380±0.0

30 

0.101±0.0

01 
0.006 

0.021±0.0

03 
0.011 

0.86±0.

04 

0.124±0.0

05 

0.692±0.1

06 

21.9

1 

4. CONCLUSION 

The physicochemical parameters collected from superficial sediment in the Lévrier bay 

vary little from one site to another and do not show an apparent accumulation of heavy 

metals in the samples analysed. The heavy metal concentrations in superficial sediments 

varied between sampling sites, with IMROP showing the highest levels of Zn recorded and 

the lowest values of Hg compared to all other sampling sites. In contrast, no significant 

seasonal variation between the four sampling sites was found. It can be seen that the mean 

concentrations of all studied heavy metals in this study were much lower than those in other 

areas along the NW African coast. All sampling sites that we studied were considered 

unpolluted by Cd, Pb, Hg, Cu and Zn, when the chemical contamination in the sediments 

was compared with international standards. Our findings showed that in the overall analysis 

of the sediments concentrations of Cu, Zn, Cd and Pb were below the corresponding guides 

values of the ISOGS, ERM, PEL, LAL, HAL, indicating no harmful effect on the biota in 

the study area. The ecological health risk assessment of trace metals using chemical 

pollution indices  revealed none to moderate enrichment for heavy metals analysed in 

surface sediments (Enrichment factor), uncontaminated sampling sites (Geoaccumulaion 

index), low contamination (Contamination factor), and natural to low polluted sediments 

(Sediment Pollution Index). The pollution load index (PLI) at all sampling sites indicates 

no pollution, and the contamination degree of pollution (Cd) values in sediments of all 

sampling showed a low degree of contamination. According to mean values of the potential 

ecological risk index (PERI), all sampling sites were classified as being at low ecologic 

risk. The quantification factor of contamination (QoC) indicated that anthropogenic 

activities were not the main cause of contamination at the majority sites in the study area. 

Our findings should raise the awareness of the contamination status at the Lévrier bay’s 

coast, and provide a valuable benchmark for future comparisons in the area. They are of 

great importance for the design of long-term management and good governance policies of 

marine and coastal areas of Mauritania. Finally, it is important that local authorities act 

responsibly and enforce existing laws and regulations to protect marine and coastal 

biodiversity. Without a doubt, this study will contribute to the limited knowledge of 

sediment contamination by heavy metals in the Lévrier bay and the sub-region. 
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