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Abstract
Industrial and urban waste is drained and dumped directly into Algiers Bay without any prior treatment. Increasingly. this 
waste has damaged the marine environment. The main objective was to evaluate the degree of contamination by trace metals 
in the continuous monitoring of the marine environment. The study was carried out in two different phases on three marine 
sediment cores from Algiers Bay. In the first phase. the identification of the mineral phases was carried out by XRD and 
the chemical composition of the sediment by XRF, and the determination of the organic matter rate and the carbonate rate. 
In a second phase, the study focused on the determination of lead 210 on the two cores (A and B) and the contents of 20 
trace elements (Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Ag, Cd, Sn, Sb, Cs, Ba, Pb, Th, and U). The trace elements were 
determined by ICP-MS. The enrichment factor EF and the correlation matrix between the trace metals were studied. The 
results show that the predominant mineralogical phases are carbonates, followed by silica and clays (illite, kaolinite, etc.). 
An enrichment in organic matter is observed in the deep layers of the cores. The trace metal contents show quite heteroge-
neous and variable distributions from one element to another and from one core to another. The first few centimetres of the 
sediment core are marked by a moderate to high enrichment in EF of the metallic elements. Very strong positive correlations 
are observed in the three cores such as V-Ni, Pb–Zn, and V-Fe.
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Introduction

The Mediterranean Sea is semi-enclosed. Exposure to urban 
and coastal pollution makes it vulnerable to environmental 
change. UNEP has defined the Mediterranean Sea as one of 

the five regions globally with the most serious environmen-
tal problems (Boudouresque 1996). The untreated urban and 
industrial waste into the environment generates increased 
anthropogenic coastal inputs from industrialising riparian 
countries (Bachari Houma 2009; Salomon 2003; Houma 
et al. 2004; Lambert and Penot 1981). The problem is com-
pounded when these discharges are laden with non-biode-
gradable and/or toxic pollutants, such as trace metals. Trace 
metals are considered the most dangerous harmful elements 
for humans and the environment (Issabayeva et al. 2008).

Trace metals are considered one of the major anthro-
pogenic contaminants in coastal and marine environments 
worldwide (Ruilian et al. 2008). Many anthropogenic activi-
ties in coastal areas have a negative impact on the local envi-
ronment, as they release trace metals through point sources 
such as industrial activities that discharge them into waste-
water, thus contaminating coastal areas, and also through 
non-point sources via wind and/or alluvial processes (Ches-
ter 1990; Lu et al. 2014; El Houssainy et al. 2020). Metal 
levels in aquatic ecosystems have increased dramatically 
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due to anthropogenic activities’ input (Thevenon et  al. 
2011). Due to their toxicity, persistence, and bioaccumu-
lation characteristics (DeForest et al. 2007), trace metals 
introduced into estuarine and coastal areas pose a serious 
threat to human health, living organisms, and natural eco-
systems (Zaidi et al. 2014; Qian et al. 2015). These non-
biodegradable trace elements are ultimately deposited on 
the seabed through complex physical and chemical adsorp-
tion mechanisms that depend on the nature of the sediment 
matrix and the properties of the adsorbed metals. More than 
90% of the trace metal load in aquatic systems is associ-
ated with suspended particles and sediments (Calmano et al. 
1993; Gómez-Parra et al. 2000; Amin et al. 2009), making 
sediments an ultimate transporter and sink of contaminants 
(Pekey 2006; Pradhap et al. 2017), reflecting the history 
of pollution (Singh et al. 2005). These sediments also play 
an important role in the remobilisation of contaminants in 
aquatic systems under favourable conditions. Interactions 
between water and sediment play a major role in determin-
ing the pollution pattern of aquatic systems (Zarei et al. 
2014). Sediments are considered to be an indicator of pol-
lution memory. They are a witness of the degree of pollution 
(Lesouef et al. 1979). They provide a record of water inputs 
to the catchment (Mwamburi 2003).

Like all countries bordering the Mediterranean Sea, Alge-
ria has a sensitive coastline; Algiers Bay, a region located 
in the centre of this coastline, receives a significant pollu-
tion load every day. Wastewater discharged into the rivers 
is responsible for various organic and inorganic chemical 
contaminants (Boulahdid et al. 2003). The absence of water 
pre-treatment systems aggravates this situation. Metal con-
tamination is one of the most threatening aspects of pollu-
tion in this marine area (Yoshida et al. 2005). Studying the 
distribution of metals in sediments adjacent to urbanised 
and agricultural areas can provide evidence of anthropogenic 
impact on ecosystems and thus help assess the risks asso-
ciated with human discharges. This work aims to evaluate 
the degree of inorganic contamination by trace metals in 
the context of marine environmental monitoring. It is part 
of the COMETALG-Mermex cooperation project between 
the European Centre for Research and Teaching in Envi-
ronmental Geosciences (CEREGE, Marseille, France) and 
the National Higher School of Marine Sciences and Coastal 
Management (ENSSMAL, Algiers, Algeria).

Study area

The Algiers Bay is located in the central part of the Alge-
rian coast, east of the Mitidja plain. It has a semi-circular 
shape with an approximate surface of 180 km2. It is bounded 
to the west by Pointe Pescade (Rais Hamidou), to the east 
by Cap Matifou (Bordj El-Bahri), and to the north by the 

Mediterranean Sea (Maouche 1987; Bachari Houma 2009; 
Bachari et al. 2011) (Fig. 1). The Algiers Bay is a softsub-
sidencezone. It undergoes constant sedimentation whose 
elements come from the reliefs of the Blidean Atlas. At the 
end of the Pliocene and Quaternary, two aquifer reservoirs 
were identified. These are the Astian formed by limestones 
and sandstones of continental origin and the alluvial Qua-
ternary, mainly pebbles and gravels (Djoudar and Toubal 
2008). The total rainfall data obtained from the ANRH 
(Agence Nationale des Ressources Hydrauliques) for the 
period (1951–2010) show that the flood period in this region 
extends from October to February with average rainfall 
between 72 and 114.01 mm. Floods mark this period, and 
the most catastrophic ones were recorded in October 1957 
(total rainfall = 423.6 mm) and in November 2001 (total rain-
fall = 203 mm), where the cumulative rainfall was 190 mm 
for the period from 9 to 11 November (Yahiaoui 2012).

The Algiers Bay is 35 km long and includes 11 coastal 
municipalities (Rabehi et al. 2018), and more than 4.3 mil-
lion people (950 inhabitants km2) live in the Algiers agglom-
eration (Soualili et al. 2008). Algiers has transformed itself 
from an airy capital into a highly urbanised metropolis 
where the urbanisation rate reached 94.30% in 2008 (ONS 
2008). In addition, 1000 companies are active in metal-
lurgy, construction materials, petrochemicals, pharmaceu-
ticals, mechanical, electrical, and electronic industries, and 
food and paper production (Larid 2003). The majority of 
these units are concentrated in the industrial zones, mainly 
the port of Algiers, Rouiba, and Réghaia (Bachari Houma 
2009). In the Algiers region, industrial and urban discharges 
are drained by the main rivers (river El Hamiz and river El 
Harrach) into Algiers Bay. Wastewater is treated at 8%and 
discharged directly into Algiers Bay ((PAC) Programme 
d’Aménagement Côtie 2005). It contains organic matter, 
suspended solids, trace metals, detergents, lubricating oils, 
etc. (Houma et al. 2004). These particles precipitate in the 
sediments of the bay. According to Guendouzi et al. (2015), 
the sediment is subject to anthropogenic disturbances of dif-
ferent origins.

Materials and methods

Three sediment cores were taken in the Algiers Bay using 
a “multi-corer” type box corer. During a campaign con-
ducted by ENSSMAL from 14 to 19/03/09, these samples 
were taken on board the oceanographic vessel “MS Ben-
yahia”. The cores are cut at thicknesses of 0.5 cm for the 
0–2 cm layer, 1 cm for the 2–14 cm layer, and 2 cm for the 
14–20 cm layer to understand the variation in metal con-
centration better. Depending on the depth, the samples were 
kept frozen at − 18 °C on board the ship; freezing essentially 
preserves the chemical properties of the samples to avoid 
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contamination with the surrounding environment and loss 
of volatile elements (Charlou and Joanny (1983)) (Table 1, 
Fig. 1). The sampling points were chosen near the port of 
Algiers (core A) and the river El Harrach (core C), which 
cross a large part of the agglomeration of Algiers, but espe-
cially the largest industrial zone in Algeria: the industrial 
zone of Oued Smar and the open sea (core B).

The samples were treated by CHRIST-type freeze-dry-
ing for 48 h under vacuum (10–1 bar) and at very low tem-
perature (− 50 °C to − 60 °C), crushed to powder within a 
porcelain mortar. The samples were subjected to several 
analytical techniques at the European Centre for Research 

and Teaching in Environmental Geosciences (CEREGE) in 
Aix-en-Provence: identification of the mineralogical com-
position of the samples, particularly the clay minerals, using 
the oriented aggregate method. This method is based on the 
preparation of three tests (Normal without treatment, heat-
ing to 490 °C, Ethylene–Glycol). The determination of the 
mineralogical phases was carried out by the diffractometer 
(X’Pert Pro. PANalytical) equipped with a cobalt anticath-
ode X-ray tube. XRD (X-ray diffraction) is a non-destructive 
technique commonly used to identify mineral species in a 
solid matrix (Agostini 2006; Hubert 2008; Cazalet 2012). 
For the chemical composition of major elements, we used 
the portable XRF of the type Tracer IV SD manufactured by 
Burker, which uses a physical property of matter, X-ray fluo-
rescence (Bouzonville et al. 2008). It allowed the sample to 
be analysed directly in its solid form without going through 
the processing and mineralisation stages (Bougherara 2011). 
The quantification of total carbonates (CaCO3) was carried 
out by Bernard calcimetry according to the NF X 31–105 
standard. Direct measurement of organic matter in the sedi-
ment of each sample was carried out by the loss on ignition 
method (Wang et al. 1996; Wang et al. 2011). The samples 

Fig. 1   Geographical location of the study area and sampling sites

Table 1   Characteristics of the sediments samples of three cores on 
the Algiers Bay

Station Latitude Longitude Depth (m) Number 
of sam-
ples

Core length

A 36°46.715 3°07.910 43 m 25 24 cm
B 36°48.160 3°08.420 70 m 21 32 cm
C 36°46.076 3°08.065 30.5 m 26 34 cm
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were tempered in a muffle furnace at 550 °C for 12 h. The 
formula to calculate the organic matter content is as follows:

OM%: percentage of organic matter. P0: initial weight. P1: 
weight after drying at 105 °C. P2: weight after calcination 
at 550 °C.

The determination of trace metals was carried out by ICP-
MS (Pekin Elmer, model NexION 300). The digestion takes 
place in an ultra-wave microwave oven. Three millilitres of 
69% nitric acid (HNO3) and 2 ml of 37% hydrochloric acid 
(HCl) were added to 0.04 g of sediment and left to stand in 
the cold in a Teflon tube. At the same time, the microwave 
bath was prepared and then 150 μl of hydrofluoric acid. 
Then, 150 μl of hydrofluoric acid is added. After 1 h and 
30 min of digestion, we proceeded to the analysis of metallic 
elements. This technique is based on the ionising properties 
of the inductively coupled plasma (ICP) source. ICP-MS 
allows detection limits in the ppb (μg/L) or ppt (ng/L) range 
(Cazalet 2012; Achard 2013). The elements analysed are Sc, 
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Ag, Cd, Sn, Sb, Cs, 
Ba, Pb, Th, and U. The results of the analysis of the 20 trace 
metals on the IAEA-433 standard sample show that about 
91% of the metals confirm the accuracy of this analytical 
method (Table 2).

The enrichment factor calculation (EF) makes it possible 
to discriminate between anthropogenic inputs and natural 
sources and define the contamination’s intensity, based on 
the standardisation of the data (Meybeck et al. 2007; Rada-
kovitch et al. 2008; Emmanuelle 2010). For the standardisa-
tion, we used a conservative element representative of the 
clay fraction, Scandium (Emmanuelle 2010). The calcula-
tion compares the metal content measured in the sample 
[Cx] with the local geochemical background content of the 
same element [Cn] RM. Natural background levels can be 
established from measurements in the sediment background 
outside of anthropogenic influence. Scandium (Sc) was 
chosen as the stationary reference element for this calcula-
tion. The absence of scandium in most industrial processes 

OM% =
[(

P1 − P0

)

−
(

P2 − P0

)

∕
(

P1 − P0

)]

∗100

eliminates the problem of its introduction into the environ-
ment in an enriched state or significant quantities (Yusof 
and Wood 1993) and its combined structure in clay minerals 
and micas. This makes it a good indicator of clay (Dias and 
Prudêncio 2008). Scandium is mainly of natural origin and 
almost entirely located in the lithic fraction (Buat-Menard 
and Chesselet 1979). Therefore, it is a more suitable lithic 
and conservative element for standardising chemical data 
than other elements.

EF, enrichment factor; [Cx], concentration of metal stud-
ied; [Cn], scandium concentration;S, sample; RM, reference 
materials.

Enrichment factors can be grouped into five classes (Tess-
ier et al. 2011):

EF < 2: no or low enrichment;
2 < EF < 5: moderate enrichment;
5 < EF < 20: significant enrichment;
20 < EF < 40: very strong enrichment.

For the dating of 210Pb, the results were processed 
using the CRS (constant rate of supply) model proposed by 
Appleby and Oldfield (1978). 210Pb was measured indi-
rectly using its daughter element, 209Po. Two hundred fifty 
milligrams of sediment was weighed into a Teflon beaker. 
One hundred microlitres of the 209Po solution was added. 
The sample was subjected to an attack by strong acids 
(3 ml nitric acid (HNO3 70%), 3 ml hydrofluoric acid (HF 
48%), 3 ml hydrochloric acid (HCl 36%)); each time acid 
was added. It was heated to 60 °C and evaporated at 90 °C. 
Two hundred fifty millilitres of 0.3 N hydrochloric acid was 
added and heated to 90 °C with stirring. Then, the tempera-
ture was lowered to 60 °C, and 100 mg of ascorbic acid was 
added.

At the same time, the silver discs were placed in HNO3 to 
clean them. The acrylic varnish was applied to the numbered 
side of the discs and left to dry. Fixing the 209 Po solution 

EF =
(([

C
x

]

∕
[

C
n

])

s
∕
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C
x

]

∕
[

C
n

])

RM

)

Table 2   Certified and measured values of elemental concentrations in IAEA-433 reference materials (values are expressed as mean ± SD)

Trace metal concentrations (µg/g) Sc V Cr Mn Fe (%) Co Ni

  Certified 14.6 ± 1.1 160 ± 11 136 ± 10 316 ± 16 40.8 ± 1.9 12.9 ± 1.20 39.4 ± 3.10
  Measured 9.6 ± 6.13 175.9 ± 23.5 148.9 ± 18.95 415.8 ± 65.46 53. 45 ± 6.3 14.3 ± 1.88 42.6 ± 6.26

Trace metal concentrations (µg/g) Cu Zn As Sr Ag Cd Sn
  Certified 30.8 ± 2.6 101 ± 8 18.9 ± 1.8 302 ± 20 0.133 ± 0.009 0.153 ± 0.033 2.32 ± 0.36
  Measured 31.7 ± 4.09 89.4 ± 3.51 18.9 ± 3.22 315.7 ± 33.5 0.5 ± 0.27 0.5 ± 0.29 3.2 ± 0.5

Trace metal concentrations (µg/g) Sb Cs Ba Pb Th U
  Certified 1.96 ± 0.18 6.40 ± 0.44 268 ± 32 26.0 ± 2.7 9.78 ± 0.57 2.45 ± 0.24
  Measured 1.9 ± 022 3.05 ± 0.83 249.9 ± 29.4 29.2 ± 1.6 4.6 ± 2.7 3.4 ± 0.9
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to the disc took 4 h, and the discs were removed, rinsed with 
Milli-Q water, and left to dry. Counting was performed at 
CEREGE in ORTEC counting chambers. The α spectrom-
eter was used, and the measured activity (in Bq.kg−1) was 
brought back to the sampling date.

The statistical software XLSTAT Version 2016.02.28451 
for Windows was used for the Pearson correlation matrix 
analysis for the 20 trace metals studied in the sediments of 
the three Algiers Bay cores and for the multivariate analysis 
(component analysis, PCA).

Results

Determination of mineral phases by XRD, chemical 
composition by XRF, and carbonates

The results indicate that the mineralogical composition is 
relatively homogeneous in the samples of the three cores. 
They were identified by XRD and confirmed by XRF and 
Bernard calcimetry, where carbonates dominate, followed by 
silica. The distribution of carbonate contents is homogene-
ous with the following means [core A (24.91 ± 3.08%), core 
B (30.09 ± 3.77%), and core C (28.4 ± 4.27%)]. The CaCO3 
values of the cores are similar to the CaO values determined 

by XRF, confirming that the CaO is in the form of calcite 
(Fig. 2a). The CaO identified by XRF is mainly bound to 
carbonates and sulphates (calcite (CaCO3) (d = 3.03 Å). 
dolomite (CaMg (CO3)2) and gypsum (a doubly hydrated 
calcium sulphate (CaSO4 2 H2O) (d = 7.63 Å)) and accounts 
for [13–20%] of the total. Silica (quartz (SiO2) (d = 3.34 Å, 
2.6 Å)) which is about 40% in all three cores enters the for-
mation of clays.

Examination of diffractograms obtained from oriented 
preparations shows that the mineralogical composition 
of the total AT clay ([44–60%] of the sediment) is almost 
identical along with all three cores and consists mainly of 
illite (K, H3O) (Al, Mg. Fe)2 (Si, Al) 4O10 [(OH) 2, (H2O); 
interbedded illite/smectite (10 Å) and illite/chlorite (14 Å) 
clays, kaolinite (Al4Si4O10 (OH)8) (d = 7.15 Å) and vermicu-
lite (Mg, Ca)0.7 (Mg, Fe, Al)6 (Al, Si) 8O22 (OH) 4.8H2O 
(d = 3.6 Å), Al2O3 [10–17%] and K2O ≈ of 2.7% confirm the 
dominance of illite, which is a clay mineral (most typical of 
marine environments). Silica (SiO2) and alumina (Al2O3) 
indicate the high proportion of aluminosilicates and the low 
proportion of quartz. If the SiO2/Al2O3 ratio is between 2.4 
and 3.3, this confirms the dominance of aluminosilicates 
(Brosse 1982). In our case, the ratio values are between 2.7 
and 3.4 (Table 3, Fig. 3). Iron (Fe2O3) indicates the pres-
ence of haematite with values increasing slightly towards the 
bottom of the three cores [6. 1–7. 3%].

Fig. 2   Diffractograms of samples treated by the oriented aggregate method. Sedimentary cores (A,B,C) from the Algiers Bay (n: Normal, c: 
Heat, g: Glycoler) (G: Gypsum, C: Calcite, Q: Quartz, D: Dolomite, K: Kaolinite, V: Vermiculite, I / S: Illite–Smectite and I / Ch: Illite-Chlorite)
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Table 3   Diffractograms 
showing the chemical 
composition of some samples 
of the three sedimentary cores 
from the Algiers Bay

A1, surface sample [0–0.5 cm]; A12, middle sample [9–10 cm]; and A21, bottom sample [22–24 cm].
B1, surface sample [0–0.5 cm]; B12, middle sample [9–10 cm]; and B25, bottom sample [30–32 cm].
C1, surface sample [0–0.5 cm]; C13, middle sample [10–12 cm]; and C26, bottom sample [32–34 cm].

Compound A1 A 12 A21 B1 B12 B25 C1 C13 C26

Concentrations (%) SiO2 40.80 45.10 47.40 39.50 39.50 47.20 38.10 38.50 42.10
Al2O3 13.90 15.10 17.20 11.90 11.90 15.80 11.50 11.30 14.20
CaO 16.20 16.60 13.50 20.80 20.80 18.50 17.20 17.20 20.10
Fe2O3 6.30 6.90 7.30 6.70 6.70 7.3 6.10 6.00 6.80
K2O 2.70 3.00 3.40 2.10 2.10 ––- 2.30 2.10 2.10
MgO 2.05 1.93 2.03 2.06 1.84 1.87 1.83 ––- 0.38
TiO2 0.94 1.00 1.20 0.86 0.86 1.10 0.79 0.78 0.97
SO3 0.80 0.59 0.59 1.20 1.20 0.65 2.50 0.65 0.88
P2O5 0.10 0.12 0.12 0.09 0.09 0.04 0.10 ––- 0.16

Concentration (ppm) MnO 500 500 520 454 560 360 160 400 500
Sr 370 400 360 420 431 380 340 450 370
Ba ––- 530 540 0 673 500 700 500 ––-
Zr 120 150 150 137 151 130 120 600 120
Rb 90 110 130 97 106 70 70 80 90
Zn 150 150 125 204 123 200 200 20 150
Pb 40 29 18 26 12 20 20 30 40
Y 20 18 24 20 25 20 20 20 20
Nb 7 13 12 9 11 10 6 9 7
Cr 70 90 90 65 79 6 70 100 70
Ni 20 23 32 24 30 20 20 20 20
Cu 40 53 45 58 47 40 40 50 40
As 790 471 336 555 263 570 310 340 790
Cd 150 33 20 103 0 140 190 ––- 150
Ce 97 106 118 103 113 110 80 80 97
SiO2/Al2O3 2.93 2.98 2.74 3.32 3.32 2.98 3.31 3.41 2.96
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Fig. 3   Diffractograms of samples treated by the oriented aggregate method. Sedimentary cores (A, B, C) from the Algiers Bay (n, normal; c, 
heat; g, glycoler) (G, gypsum; C, calcite; Q, quartz; D, dolomite; K, kaolinite; V, vermiculite; I/S, illite–smectite; and I/Ch, illite-chlorite)
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Organic matter

The sediments of all three cores are rich in 8 [cores: A 
(9.06 ± 2.24%); B (11.19 ± 3.97%); and C (5.67 ± 2.93%)]. 
The organic matter content fluctuates considerably with 
depth in all three cores (Fig. 2b). These fluctuations are 
related to the degradation of organic matter and terrigenous 
and marine inputs. In the marine environment, sediments 
rich in organic matter can be explained by the following: 
preservation under anoxic conditions in a static situation 
or by high primary productivity of the system. The sedi-
ments of the three cores are relatively rich in organic matter, 
particularly core B. The sources of organic matter at the 
sampling points are essential: the contributions of the rivers, 
in particular the El Harrach river, which also includes waste-
water, and the contributions of urban and industrial waste 
discharged into the port and transferred into the Algiers Bay. 
According to Bakalem (2008), the highest values are found 
in the sediments of the central and western sector near the 
port of Algiers and the lowest in the sediments of the eastern 
sector, notably near the river Hamiz whose flow is regulated 
by a dam. The sediments are rich in organic matter in the 
central sector and the sector near the port of Algiers. This is 
mainly due to the El Harrach river inputs in the first sector 
and the port area and domestic wastewater discharges in the 
second sector.

Lead 210 content

To carry out the geochronological dating of the horizons of 
the two cores A and B, we used the theoretical CRS (Con-
stant Rate of Supply) model (Appleby and Oldfield 1978), 
which assumes that variations in 210Pb deposition are neg-
ligible over the last 150 years (the interval during which 
sediments can be dated by the 210Pb method). This method 
assumes a resolution in the very fine data with a measure-
ment of 210Pb activity for all depths to calculate the differ-
ent terms of this equation. Furthermore, it does not assume a 
constant sedimentation rate. However, the gamma-ray spec-
trometer values showed that the levels of ‘excess Pb-210’ 
radioactivity in the deposits in Core A are within the upper 
limits of the values measured in Cores A and B. They range 
from 151 ± 9 mBq/g at the surface to 30 ± 5 mBq/g at the 
bottom of core A and from 114 ± 3 mBq/g in the middle of 
the core to 38 ± 3 mBq/g at the bottom of core B. It can be 
said that the measured values of ‘excess Pb-210’ radioactiv-
ity in both cores reflect the presence of bioturbation and/or 
homogenisation effects that mark the first few centimetres 
of the surface down to the (10.5 cm) horizon for core A and 
down to (12.5 cm) for core B. The resolution of the ‘excess 
Pb-210’ measurements does not allow the different depths 
of the two cores to be dated, but it does allow an estimate of 
the rate of sediment accumulation (Fig. 4). However, the rate 

of sediment accumulation and sedimentation is estimated in 
the deep part of both cores where there is no mixing:

1.	 For core B, from 12.5 cm to the bottom, the sediment 
accumulation rate is estimated to be about 0.21 g/cm2/
year with a sedimentation rate of about 0.11 cm/year.

2.	 For the 9.5 cm core A at the bottom, there is a low accu-
mulation rate of about 0.07 g/cm2/year and a sedimenta-
tion rate of about 0.05 cm/year.

Trace metals

The ICP-MS results of the three cores allow to establish ver-
tical distribution profiles for each metal analysed (Sc, V, Cr, 
Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Ag, Cd, Sn, Sb, Cs, Ba, Pb, 
Th, and U) (Table 4, Fig. 5). The local reference background 
values reported in Table 4 were derived from three sediment 
cores taken in Algiers Bay. The proposed local background 
values average 9 samples taken from these cores between 20 
and 34 cm depth. The average levels of trace metals in the 
local background sediment are referred to as “background”, 
the concentration of metals in pristine sediment unaltered by 
human activity, and “enrichment” is the extent present-day 
sediment metal concentrations exceed pre-anthropogenic 
levels (Birch. 2017). Local background reference values 
were used to assess the enrichment of marine sediment by 
anthropogenic metals.

The analysis of the vertical profiles of the different metal-
lic elements in the sedimentary cores shows rather hetero-
geneous and variable distributions from one element to 
another and from one core to another. In general, the metal-
lic elements studied are present in concentrations that can 
be considered usual. However, special cases of certain ele-
ments and relatively high concentrations with pollution and/
or geochemical anomalies are noted and discussed below. 
The sediments of the three cores are characterised by the 
following:

Fairly stable vertical profiles for the following elements: 
Cd, U, Sb Sn, As, Sc, Co, Mn, Sr, Ba,V, Cr, Zn. This 
distribution stability is observed for Sn in core B and 
Co, As, Cu, Ni, Mn, Sr, Ba, V, Cr, Zn, Ag in cores A and 
C. This behaviour may provide information on the sedi-
mentary regime, which may be quite stable with similar 
and/or identical origins of sediments and elements. These 
profiles, which do not show significant fluctuations and 
low to moderate metal concentrations, may provide infor-
mation on a much more natural than the anthropogenic 
origin of the metals.
Lead has a particular distribution. Its concentration 
increases progressively from the base of the core towards 
the surface, where it is found multiplied by a factor of 
about 3 in core A and by a factor of about 2 in core B. 
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This enrichment can be directly related to anthropogenic 
pressure from road and sea traffic, where tetraethyl lead 
is indexed. In core C, this element and the other show an 
anomaly in the superficial part of the core: between 2 and 
6 cm depth. This anomaly can only be anthropogenic.

EF and correlation matrix

Enrichment factor (EF)

Core A (Table 5): it is observed that the elements V, Cr, Mn, 
Sc, Co, Ni, Cu, As, Sr, Cd, Sb, Cs, Ba, U, and Sn follow 
the same evolution in time with values that do not exceed 
2. This puts them within the range of natural variability. 
except at depth 8 cm, where there is slight contamination, 
which does not exceed value 3. Higher values of Ag, Pb, and 
Zn (1.38 < EF (Ag) < 5.19; 2.11 < EF (Pb) < 3.65; 1.36 < EF 
(Zn) < 4.96) are identified at the surface of core [0–8 cm]. 
In this section, continuous moderate enrichment is observed 
for zinc Zn, lead Pb; after the 11 cm depth. These metals fall 
within the range of natural variability. Core B shows moder-
ate to heavy contamination in the core’s upper [0–11 cm]. 
In this section, trace metal EFs with values above 5 are 
as follows: (3.54 < EF (Zn) < 5.66; 3.45 < EF (Cd) < 6.87; 
3.52 < EF (Pb) < 5.69; 4.29 < EF (U) < 6.94; 3.26 < EF 

(Sn) < 5.48; 2.29 < EF (Sb) < 7.26) (Fig. 6). For all metallic 
elements, enrichment factor values decrease after the 11 cm 
depth to reach a value of about 1. In core C, three groups 
of trace metals are observed according to the enrichment 
factor; the first group contains V, Cr, Mn, Sc, Co, Ni, Cu, 
Sr, Ba, and Th. It is characterised by a moderate enrichment 
that does not exceed 4 in the upper part [0–3 cm] of the 
core. For the rest of the core, the values are low, indicating 
little or no enrichment except at depth 10 cm, where there is 
moderate enrichment of all 10 elements. The second group 
includes the elements (As, Cd, Sn, Cs, Pb), with moderate 
enrichment in the 0–10 cm of the core. Significant enrich-
ment is observed for the third group (1.37 < EF (Zn) < 5.71; 
2.44 < EF (Ag) < 7.3; 1.54 < EF (Sb) < 5.28) in the same sec-
tion of core from 0 to 10 cm. After the 10 cm depth and up to 
34 cm depth, enrichment factors are low for all trace metals 
except for Cu, Zn, As, Ag, Sb, and Ba, where a moderate 
enrichment is observed at 18 cm depth, implying a moderate 
input from the same source and in the same period.

Statistical analysis

Correlation analysis was carried out to test the relationship 
between trace metals, based on Pearson’s statistical analysis 
of element. The results from all three cores show that for 

Fig. 4   Vertical profiles of organic matter and carbonates in three sedimentary cores (A, B, C) and vertical profile of 210Pb in the two sedimen-
tary cores (A, B)
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the whole data set, the majority of metals are significatively 
and positively correlated with each other (p < 0.05), except 
Sc, Sb, and MO% (Table 5). Manganese Mn and iron Fe are 
positively correlated with most elements. Ni and Co have 
significant correlations (r ˂ 0.9) with Fe indicating the likely 
adsorption of these metals onto Fe oxyhydroxides. Similar 
sources and similar behaviour can explain the strong posi-
tive correlations between trace metals during their transport 
(Jamshidi and Bastami. 2016).

These significant correlations in sediment cores A and 
C reflect similar levels of contamination and/or discharges 
from the same pollution sources (Inal et al. 2018). The 
sampling points for both cores are located near the coast 
of the bay and the mouth of the El Harrach River, where 
there is continuous discharge of urban and industrial dis-
charges (from industrial areas). The organic matter in core 
B, which is higher than in the other two cores, has non-
significant correlations with all metals, which contradicts 

Table 4   Trace metal 
concentrations (µg/g) in the 
three sediment cores from the 
study sites in Algiers Bay

Values are given as mean ± standard deviation (mean ± SD) and range [minimum–maximum]. Average 
local background (based on the concentrations of 09 samples collected at the bottom of 3 sediment cores 
(20–34 cm) from the Algiers Bay).

Sc V Cr Mn Fe Co Ni Cu Zn As

Core A
Average 5.2 165.6 128.6 380.3 5.2 13.2 41.3 30.9 94.04 14.8
 SD 1.9 43.5 34.7 96.7 0. 4 3.5 10.8 7.7 24.4 3.9
 Max 7.7 200.1 158.3 464.8 5.8 16.2 50.5 37.4 118.9 20.1
 Min 2.8 139.6 105.4 371.6 4.5 10.9 35.4 29.5 84.4 13.4
Core B
Average 8.3 113.1 94.06 286.25 4.1 10.4 30.4 32.2 125.02 10.7
 SD 4.05 8.8 20.7 18.72 0.2 0.7 2.3 5.7 29.8 1.2
 Max 14.9 125.8 119.7 329.3 4.4 12.2 35.3 43.4 192.8 14.3
 Min 3.7 87.9 3 251.3 3.7 9.1 24.3 21.5 78.8 8.4
Core C
 Average 12.4 148.05 138.8 414.02 5.5 14.25 41.9 45.2 165.6 17.1

 SD 3.8 5.7 25.6 22.6 0.2 1.14 1.7 12.6 68.3 2.4
 Max 16.4 157.9 198.6 451.5 5.9 16.2 45.4 77.2 337.6 22.7
 Min 4.6 135.2 109.5 351.9 5.1 12.3 39.4 31.9 104.03 14.1
Local background
Average 11.7 153.9 122.7 371.2 5.1 13.8 41.3 32.9 93.3 12.7
 SD 4.1 32.02 23.9 51.09 0.6 2.01 6.8 2.9 10.9 2.6

Sr Ag Cd Sn Sb Cs Ba Pb Th U
Core A
Average 357.3 1.3 0.6 4.3 1.3 6.3 275.1 35.6 3.6 3.6
 SD 93.4 0.8 0.2 1.2 0.3 1.7 69.8 14.7 1.7 0.9
 Max 433.7 3.4 0.8 6.3 1.5 771 323.9 67.5 5.6 4.2
 Min 320.6 0.8 0.6 3.8 1.01 4.5 249.6 24.9 0.05 3.3
Core B
Average 343.3 0.5 0.2 3.5 1.4 5.1 301.9 43.5 4.4 1.8
 SD 29.4 0.2 0.05 0.4 0.4 0.9 39.2 7.7 0.8 0.5
 Max 387.3 0.9 0.3 4.2 2.8 6.4 405.9 54.9 5.4 2.5
 Min 254.8 0.2 0.1 2.5 0.9 2.2 244.2 25.7 1.4 0.7
Core C
Average 471.7 1.5 0.8 5.1 1.6 6.6 388.6 54.7 7.4 2.5
 SD 36.3 0.7 0.1 1.3 0.4 1.2 56.4 18.5 1.9 1.05
 Max 541.4 3.2 1.2 8.5 3.2 8.8 491.4 96.6 10.8 3.6
 Min 401.9 0.8 0.6 3.3 0.8 4.9 301.3 34.4 4.05 0.9
Local background
Average 386.3 0.7 0.5 3.7 1.2 6.1 331.3 32.5 4.7 2.1
 SD 83.1 0.3 0.3 0.8 0.2 0.9 49.8 8.05 1.5 1.4
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the affinity of trace metals to be fixed by adsorption to 
the surface of the organic matter. By examining the MO% 
and EF profiles of metals in core B (Figs. 4 and 6), it can 

be seen that the enrichment of MO% in the sediment is 
marked after the depth of 12 cm. Conversely, the enrich-
ment of trace metals is located in the surface layer of the 

Fig. 5   Vertical profiles of trace metals in the three sedimentary cores (A, B, and C) from Algiers Bay
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core between 0 and 12 cm. After this depth, all metals 
enter the range of natural enrichment except uranium 
which displays moderate to significant EF; after 20 cm, 
the enrichment is natural.

Significant correlations (p < 0.05) are presented in bold.
The results of the PCA are presented in Fig. 7; two prin-

cipal components are extracted. which explain 66.66% of the 
total variance. The first factor (PC1) explains 48.78% of the 
total variance and contains positive loading of V, Cr, Mn, 
Fe, Co, Ni, Cu, Zn, As, Sr, Ag, Cd, Sn, Cs, Th, and U and 
negative loading of MO%. The second factor (PC2) accounts 

for 17.16% of the total variance (Fig. 7a). The fact that the 
factors are different means that two different contributions 
(natural and anthropogenic contribution) are involved in 
determining trace element concentrations in marine sedi-
ments (Rahman et al. 2014), the PCA results of the 20 metal 
elements and samples from the three sediment cores (A, B, 
C) showed three significant groupings (Fig. 7b): the first 
contains Th, Cs, Cr, Ag, Sn, Sb, and Cu correlated with the 
surface samples from core C; the second contains Mn, Co, 
Fe, Ni, Sr, Cd, V, As, Ba, U, and Cr correlated with the rest 
of the samples from core C and the samples from core A. 

Table 5   Correlation matrix between metals in sediment cores(A, B, C)

Sc V Cr Mn Fe Co Ni Cu Zn As Sr Ag Cd Sn Sb Cs Ba Pb Th U MO%

Sc 1
V -0.05 1
Cr 0.16 0.70 1
Mn 0.14 0.79 0.62 1
Fe 0.32 0.83 0.71 0.89 1
Co 0.36 0.80 0.61 0.81 0.94 1
Ni 0.21 0.94 0.77 0.86 0.95 0.93 1
Cu 0.37 0.22 0.74 0.35 0.44 0.27 0.39 1
Zn 0.17 -0.06 0.55 0.12 0.17 -0.02 0.09 0.86 1
As 0.12 0.65 0.61 0.86 0.80 0.66 0.73 0.53 0.34 1
Sr 0.41 0.37 0.38 0.76 0.73 0.69 0.58 0.32 0.22 0.63 1
Ag 0.08 0.41 0.67 0.60 0.55 0.34 0.49 0.72 0.64 0.69 0.42 1
Cd 0.15 0.72 0.78 0.88 0.87 0.73 0.83 0.62 0.44 0.86 0.69 0.74 1
Sn 0.01 0.47 0.76 0.60 0.58 0.36 0.54 0.79 0.72 0.75 0.42 0.82 0.78 1
Sb -0.04 -0.02 0.34 0.08 0.14 0.10 0.08 0.46 0.62 0.23 0.13 0.41 0.28 0.50 1
Cs -0.02 0.61 0.79 0.51 0.54 0.45 0.61 0.57 0.51 0.46 0.32 0.56 0.66 0.63 0.30 1
Ba 0.65 0.06 0.18 0.35 0.50 0.54 0.32 0.27 0.11 0.37 0.66 0.17 0.32 0.11 0.19 0.02 1
Pb 0.10 -0.09 0.48 0.16 0.13 -0.09 0.04 0.83 0.92 0.38 0.23 0.64 0.45 0.74 0.52 0.42 0.04 1
Th 0.67 0.03 0.37 0.24 0.39 0.42 0.26 0.55 0.51 0.29 0.59 0.36 0.37 0.35 0.41 0.31 0.65 0.39 1
U -0.56 0.66 0.52 0.54 0.41 0.32 0.49 0.19 0.19 0.55 0.13 0.48 0.54 0.57 0.29 0.58 -0.20 0.19 -0.07 1
MO% -0.21 -0.20 -0.11 -0.47 -0.51 -0.54 -0.38 -0.02 -0.02 -0.44 -0.63 -0.13 -0.41 -0.18 -0.21 -0.12 -0.57 0.02 -0.35 -0.05 1

Fig. 6   Vertical EF profiles for trace metals in the three sedimentary 
cores (A, B, and C) from Algiers Bay. Vertical red lines represent the 
limit of EF scales: EF < 2, no or low enrichment; 2 < EF < 5, moderate 

enrichment; 5 < EF < 20, significant enrichment; 20 < EF < 40, very 
strong enrichment (Tessier et al. 2011)
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The third grouping contains only the B core samples which 
correlated with organic matter.

Discussion

This study presents a general overview of the nature of the 
sediments in the three cores. We observe that the mineral-
ogical composition is relatively homogeneous in the sam-
ples of the three cores that can represent the study area. 
This mineralogical composition was identified by XRD 
and confirmed by XRF and Bernard calcimeter where car-
bonates dominate, followed by silica. The carbonate input 
can be of detrital origins such as fluvial input or biogenic 
origin from planktonic and/or benthic organisms (Schnei-
der et al. 2000). Silica is involved in clays, representing 
40–60% of the total sediment.

These results are consistent with those reported by Bel-
adel et al. (2013). The authors indicated the dominance of 
illite. It is a clay mineral and the most typical of marine envi-
ronments. It is often found associated with other clay miner-
als (Lamouri 2008), forming interbedded clays of the illite/
smectite and illite/chlorite type; their proportion varies with 
depth in the three cores. The dominance of illite is linked 
to dominant mechanical erosion conditions, and therefore 
(Le Gouche 2017), the presence of kaolinite is related to 
the alteration of an acid rock such as granite and/or to the 
good drainage and leaching of the El-Harrach and El-Hamiz 
rivers. Gypsum is present in the surface samples of all three 
cores and due to the increase in salinity with depth, leading 
to gypsum precipitation (Hoareau 2009).

The sediments of the three cores are rich in organic mat-
ter; the organic matter content fluctuates considerably at 
depth in the three cores. These fluctuations are linked to 
the phenomenon of organic matter degradation and terrig-
enous and marine inputs. The richness of organic matter in 
marine sediments can be explained by the following: preser-
vation under anoxic conditions in a static situation or by high 

primary productivity in an adynamic system (Pedersen and 
Calvert 1990; 1991). In addition, the level of organic matter 
increases with the volume of the fine fraction present in the 
sediment (Thamban et al. 1997; Berthois et al. 1968).

The high organic matter contents used in this study are 
located in core B in the sedimentary layer (12–32 cm). 
Conversely, the enrichment of trace metals is located in the 
surface layer of the core between 0 and 12 cm. After this 
depth, all metals enter the natural enrichment range except 
uranium, which is moderate to significant EF. Moreover, 
after 20 cm, the enrichment of U becomes natural. The 
enrichment of the sediment of core B by MO% is related to 
the sampling point located off the bay where the fine frac-
tion is above 95% (Baba-Ahmed et al. 2018), which gives 
it an adsorption capacity for organic matter (Bergamaschi 
et al. 1997). The sedimentation rate is a major factor in accu-
mulation, especially for preserving organic matter (Bohacs 
et al. 2005). Sedimentation rate and anoxia seem to be key 
parameters in preserving organic matter. Indeed, anoxia and 
a very low sedimentation rate allow the concentration of 
organic matter (Le Gouche 2017). The low sedimentation 
rate is linked to the absence of detrital inputs, allowing the 
concentration of organic matter (Wignall and Hallam 1991).

The Pb-210 curves produce the calculation of the sedi-
mentation rate in both cores A and B in the sediments, which 
allow two episodes of radioactive decay to be distinguished. 
The change in sediment is very particular in both cores. In 
the upper part, highly mixed sediments are observed. In the 
deeper part, more stable sediments are observed, where low 
sedimentation rates could be calculated (core A: from 10. 
5 cm at the bottom, sediment accumulation rate 0.07 g/cm2/
year, sedimentation rate 0.05 cm/year; core B: 12.5 cm at the 
bottom, sediment accumulation rate 0.21 g/cm2/year, sedi-
mentation rate 0.11 cm/year). These rates are respectively 
related to the maximum organic matter content (16.4%; 
17.06%) in both cores. The results from core B are close 
to the study carried out by Arabi et al. (2006) on the sedi-
mentation rate of 137Cs in the sediments of Algiers Bay. 

Fig. 7   a and b Biplots for the 
first and second axis of the PCA 
based on the mean values of 
trace elements in three sediment 
cores (A, B, C)
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The authors found a sedimentation rate (0.133 cm/yr) and 
an accumulation rate of 0.335 g/cm/yr, which seems to be 
slightly high. According to Trentesaux (2005), 210Pb calcu-
lates the indicated sedimentation rates while 137Cs highlight 
anthropogenic events (Table 6).

*(core B from 12.5 cm to the bottom and core A from 
9.5 cm to the bottom).

The sedimentation rate is related to many parameters 
(bioturbation, resuspension by bottom currents, and anthro-
pogenic alterations) (Monna et al. 1997). The more the envi-
ronment is subject to one of these parameters, the higher the 
sedimentation rate. This is the case of Kaštela Bay, Croatia 
(Mikelić et al. 2017), which records the higher sedimenta-
tion rates (Table 6). Matsumoto and Togashi 1980) described 
core sediments as undisturbed sediments from Funka Bay 
(Japan). Their sedimentation rates are similar to those of 
Algiers Bay. Sagami Bay (Japan) records a high sedimenta-
tion rate in the continental slope domain (Kato et al. 2003) 
with that of the Alboran Sea. Miralles (2004) explains this 
by the strong vertical flows present in the area. The cores are 
taken from the western part of the Alboran Sea. The metal 
element profiles of the three sediment cores resulting from 
the ICP-MS analysis confirm the results for 210 Pb, where 
two layers are observed. The upper sedimentary layer is very 
mixed. Two hypotheses can explain this phenomenon:

1.	 The centre and east of the bay have been subjected to 
the most significant human pressures (Belhai-Benazzouz 
and Djelal 2010) due to the development work carried 
out on the bay’s coastline, in particular, the construction 
of the eastern motorway along the shoreline of the river 
El Harrach-Port of Algiers sector. The three communes 
(Hussein Dey, Mohammadia, Bordj El Kiffan) to the 
east of the bay are characterised by high socio-economic 
vulnerability (urbanisation, high demography, road net-
work density) (Rabehi et al. 2018). During construction, 
the main disturbances are the resuspension of fine sedi-
ments, the increase in water turbidity, and the input and 
sedimentation of solid materials (Bakalem 2008).

2.	 Several rivers flow into the Algiers Bay, the most impor-
tant of which are river El Harrach, river El Hamiz, and 
Oued Koriche. They are subject to a series of natural 
hazards that have recently been the cause of major catas-
trophes. Floods, as was dramatically the case in Bab el 
Oued in 2001 (Rabehi et al. 2018; Djellouli and Saci 
2003), devastating earthquakes affected Boumerdes in 
2003 (Yelles-Chaouche et al. 2009). The Algerian coasts 
are areas of high seismicity due to their location near the 
Sahel. This high seismic activity generates a latent tsu-
nami risk (Maouche et al. 2009; Larara et al. 2012). This 
risk probability of a few decades to 100 years, based 
on known historical events (Egis Eau/IAU-IDF/BRGM 
2013). These natural effects have caused a sudden dis-
charge of terrigenous materials towards the Algiers bay 
through the three rivers. The most important is the river 
El Harrach whose watershed covers an area of about 
1250 km2. It extends mainly to the wilayas of Algiers 
and Blida. It touches in the South the wilaya of Medea 
and the North-East a small part of the wilaya of Boume-
rdes, including 4 industrial zones and ten commercial 
activity zones (Louati 2015). The 100-year floods of the 
El Harrach and El Hamiz rivers affect large areas, partly 
urbanised with sensitive zones, such as business zones, 
facilities, and dense urbanisation zones. The often recent 
urbanisation of these areas reinforces their vulnerability. 
The sedimentary contributions of these rivers, which 
emerge on the coast, are likely to bring materials to 
the shoreline during flood periods (Egis Eau/IAU-IDF/ 
BRGM 2013).

Fluctuations in trace metal profiles are observed above 
10 cm for core A. Conversely, disturbances in metal content 
are found below 10 cm in core B. These fluctuations in trace 
metal profiles correlate with the enrichment factor results. It 
is noted that the slight fluctuations in trace metal profiles in 
core A are related to low enrichments due to natural inputs, 
and even the elements Th, Cs, Sc, and Fe, which show pro-
files with fairly large fluctuations, are within the range of 
natural enrichments due to fluvial inputs but of different ori-
gin and this is explained by the very low correlation between 
these elements, except between Cs and Fe, the latter showing 
a strong positive correlation with the metals: As, Cd, V, Cr, 
Ni, Co, and Sr indicating the probable adsorption of these 
metals on Fe oxyhydroxides. The elements Zn, Pb, and Ag 
show moderate enrichment on the 0–8 cm core surface, with 
strong pairwise correlations: Pb/Cu, Pb/Zn, and Pb/Sn indi-
cating a common origin.

The B core sediments are characterised by moderate to 
high contamination for all trace metals. These EFs exceed 
the value of 7 in the case of Sb in the range 0–11 cm. This 
antimony (Sb) originates from air emissions from road 
traffic (Weckwerth 2001) and/or is used as a hardener in 

Table 6   Sedimentation rates in the literature

Geographical area Sedimentation 
rate (cm/year)

References

Funka Bay 0.06–0.22 (Matsumoto and Togashi 1980)
The continental 

margin of Bar-
celona

0.07–0.22 (Sanchez-Cabeza et al. 1999)

Sagami Bay 0.02 and 0.62 (Kato et al. 2003)
Alboran Sea 0.30–0.28 (Miralles 2004)
Gulf of Lion 0.08–0.14 (Miralles 2004)
Kaštela Bay 0.41–0.61 (Mikelić et al. 2017)
The Algiers Bay* 0.05–0.11 This study
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Pb-Sb alloys in lead battery plates, the chemical industry, 
the manufacture of printing type. The metal is also used 
in soldering and the preparation of other alloys to colour 
certain glasses, etc. (Bernatchez 2008). Although core B 
shows a more stable distribution of metal contents in this 
part than in the rest of the core, below this depth, the EF 
values of the metal elements indicate natural enrichment. 
The correlation matrix of these metals shows non-significant 
correlations of these metals, which means that these metals 
are not controlled by a single factor (Suresh 2011), and that 
they have different behaviour and origin, except for the pairs 
Co/Mn, Fe/Mn, Pb/Zn, Ni/V, and Cd/Ni where the positive 
correlations are strong.

Two peaks characterise core C in the concentration of 
certain metals: the first at the 6 cm depth and the second at 
the 16 cm depth of the core. The distribution of the elements 
C, Zn, Pb, Cu, and Sn is linked to the strong positive correla-
tion of these metals with Cs, Sn, Th, U, Ag, Sb, and Cd. In 
the sediment core, these correlations exceed 0.80, moderate 
to significant enrichment is observed in the first 3 cm of the 
core with values exceeding EF = 8.5 in the case of uranium 
(U). This enrichment is also observed at the 10 cm depth of 
the sediment core for all metals, and with an EF exceeding 
8 for U, at a depth of 18 cm, a moderate enrichment is noted 
for Cu, Zn, As, Ag, Sb, Ba, and U (EF = 5.17).

A very strong correlation of the Pb/Zn couple is observed 
in the three cores with significant enrichment of these two 
elements, indicating the same continuous and important 
source of pollution of these metals (Kükrer et al. 2014). 
According to Atroune and Boutaleb (2012), the associa-
tion of these two trace elements is due to the metallurgi-
cal factories installed along the rivers El Harrach and Oued 
Smar, which will generate significant contamination by these 
trace metals (Chouikhi et al. 1988; Boudjellal et al. 1993; 
Maouche 1987) (Table 7) with a relatively high contamina-
tion rate in the Algiers Bay. In general, the PCA analysis 
indicates a correlation of trace metals by the sediments of 

cores A and C, which confirms that the origin and concentra-
tion of these trace metals show and are related to anthropo-
genic inputs. The wastewater resulting from human activi-
ties in the Algiers region arrives directly or indirectly in the 
marine environment.

Overall, the trace metal contents in the three cores com-
pared to previous work in the Algiers Bay (Table 8) show 
that the values in our study are higher, particularly in core 
C, which is located near the river El Harrach. The latter 
contains the highest concentrations of heavy metals due to 
the presence of a highly industrialised area characterised by 
the presence of iron, paper and pulp factories, antifouling 
paints, chlorine and soda factories, chemical industries, tex-
tile industries, metal processing, food processing, beverage 
manufacturing and bottling, tanneries, oil and soap factories 
(Table 7). The high lead values in the work of Atroune and 
Boutaleb (2012) were recorded near the port of Algiers. 
This is due to discharges from domestic and industrial tribu-
taries into the ports and port activities. The cores of the 
latter are taken far from the port of Algiers. According to 
Bachouche et al. (2017), the high Cu content was measured 
in the inner part of Algiers Bay and could be related to the 
intensive use of Cu in antifouling paint products. Accord-
ing to a previous study (Yoshida et al. 2005), high levels of 
Zn and Mn were recorded in the surface sediments of river 
El Harrach.

Comparison of the metal values in this study with those 
of other works around the world revealed that most metal 
elements show enrichment in this study compared to the 
studies displayed in Table 9, except the following: Mn 
(511.3–694.4 µg/g) and Co (13.9–18.1 µg/g) in the Yangtze 
River estuary, China. This is due to more than 6 million 
tons/day of industrial and domestic wastewater discharge 
into the Yangtze estuary and a population density (more 
than 600 inhabitants/km2) (Chen et al. 2004), Cadmium 
(0.12–6.6 µg/g) in St Helena Bay. South Africa is due to 
the intensity of urbanisation (Monteiro and Roychoudhury 

Table 7   Some polluting activities in Algiers Bay ((PAC) Programme d’Aménagement Côtie 2005)

Industrial zone Industrial unit Nature of the activity

Port of Algiers COGRAL Subsidiary ENCG HRSA / UP5 Oil refining and soap making
Thermal power plant Electricity production
COGRAL RSA / UP6 Oil and soap production

El Harrach Perfumery and Cosmetics of the Oasis Manufacture of perfume and cosmetics
EPBH Manufacture of soft drinks and beers
ENPC TP1G Plastic processing

Oued Smar IN PEC Manufacture of lead starter batteries
SIAD Detergent production
ERIAD yeast complex Yeast production
ENAP Paint, varnish, thinners, and glues
Aromas of Algeria Emulsion 10t, essences 3t/year, aromas 2t/year
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2005). Sn is a trace pollutant (01–11.01 µg/g) in the bay, and 
in particular at the edge of the Fort de France urban area, 
but Sr levels (682–932 µg/g). Although they are very high 
compared to our study, they are within the range of natural 
phenomena, certain clays of hydrothermal origin being par-
ticularly rich in this element (Pons et al.1988). A remark-
able enrichment of metals [Pb (32.6–818.3), Ni (40.8–95.2), 
Cd (0.19–4.08)] can be observed in the Seybouse Annaba 
river, which is due to the El-Hadjar steel complex. The latter 
discharges effluents and industrial wastewater without any 
treatment (Belabed et al. 2017). Near this river are the gulfs 
of Annaba, where the study made by Ouali et al. (2018) 
on trace metals (Zn, Pb, Cu, and Cd) in sediments shows a 
similarity of the average contents of these metals with one of 
our studies, which is drained by the river Seybouse towards 
the gulf of Annaba.

Conclusion

The distribution and dominance of clay minerals are con-
trolled by continuous terrigenous inputs and coastal pro-
cesses such as waves. The CaCO3 values of the cores 
are similar to the CaO values determined by XRF, which 

confirms that the CaO is in the form of calcite. The organic 
matter richness of the core sediments is due to several fac-
tors: the dominance of the fine fraction in the sediment, 
the anoxia, and the low sedimentation rate is related to the 
absence of detrital inputs and the discharge of domestic and 
industrial wastewater drained by the El Harrach River and 
to the activities of the port area. The non-significant cor-
relation of MO% with metals shows two sediment layers 
in core B or the surface layer (0–12 cm) rich in trace met-
als with EF > 5, the bottom layer rich in MO% and EF < 2. 
The geochemical behaviour of trace metals is related to the 
origin of the sediments and trace elements and the sediment 
regime of the study area. The latter is subjected to several 
factors such as the great development works on the coast of 
the Bay of Algiers and the catchment area of the river El 
Harrach. Another factor is the natural phenomena of great 
extent, which caused a brutal discharge of terrigenous mate-
rials towards the bay of Algiers, particularly the floods of 
Bab El Oued 2001 and the earthquake of Boumerdes 2003. 
The fluctuations in the distribution of trace metals and their 
enrichment are partly natural, but the anthropic signature 
is present. The anomalies observed for some elements (Pb, 
Cd, U, Zn, Ag, and Sb) can only be anthropogenic, but the 
anthropogenic signature is present.

Table 8   Evolution of trace metals (units in μg/g dry weight except for Fe in %) in Algiers Bay

Sc Cr Mn Fe Ni Cu Zn As

(Maouche, 1987) 250–316 3.8–4.8 24–51 123–231
(Chouikhi et al. 1988) 11–84 109–350 72–222
(Benamar et al. 1999) 15–159 148–442 3.1–4 sept-87 58–274
(Matmed, 2004) 30.7–119.5 256.3–808.8 35.1–5.1 23.7–30.3 102.2–114.9
(Yoshida et al. 2005) 36.2–95 630–1100 28–86 98–520
(Yoshida et al. 2007) 5.3–8.2 317–497 82.8–121.4 29.2–46.1
(Atroune et al. 2012) 38–105 258–398 3.9–4.8 22–98 128–375
(Bachouche et al. 2017) avr-52 327–1600 1.5–3.4 2–155 7–520
This work Core A 2.8–7.7 105.5–158.3 371.7–464.9 4.5–5.8 35.4–50.4 29.5–37.4 84.4–118.9 13.4–20.1

Core B 3.7–14.9 3–119.7 251.3–329.3 3.7–4.4 24.3–35.3 21.6–43.4 78.8–192.8 8.4–14.23
Core C 4.6–16.4 109.5–198.6 351.9–451.6 5.1–5.9 39.4–45.4 31.9–77.2 104.1–337.6 14.1–22.7

Sr Cd Sn Sb Pb Th  U
(Maouche, 1987) 20–161
(Chouikhi et al. 1988) 18–117
(Benamar et al. 1999) 4–69
(Matmed. 2004) 0.06–0.13 13.8–37.3
(Yoshida et al. 2005) 37–127
(Yoshida et al. 2007) 322.2–427.1 0.9–4.7 0.65–1.2 20.8–44.5 1.3–2.8 0.3.–0.5
(Atroune et al. 2012) 33–154
(Bachouche et al. 2017) 0.11–0.7 5–41
This work Core A 320.6–433.7 0.6–0.8 3.8–6.3 1.01–1.5 24.9–67.5 0.05–5.6 3.3–4.2

Core B 254.8–387.3 0.12–0.3 2.5–4.2 0.9–2.8 25.7–54.9 1.4–5.4 0.7–2.5
Core C 401.8–541.4 0.6–1.2 3.3–8.5 0.8–3.2 34.4–96.6 4.05–10.8 0.9–3.6
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