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 Introduction

Chemical elements naturally occur in the Earth’s crust.
wever, human activities have introduced high loads of

ese constituents in the environment, making it now
metimes difficult to differentiate between natural and
thropic contributions.
Trace metals (TM) such as cadmium (Cd) and lead (Pb)

e considered among the most critical pollutants in
tural environments and for human life (Manahan, 2000)
e to their toxicity, persistence, and bio-accumulation
pacity at different levels of the food chain.

Trace metals are ubiquitous in the global environment
(Benguedda et al., 2011; Bilos et al., 2001; Hamdoun et al.,
2015; Hlavay et al., 2001; Hosono et al., 2010; Kouidri et al.,
2016; Okbah et al., 2014; Rahman et al., 2014; see also the
references in Chabaux et al., 2015). In natural aquatic
ecosystems, TM mostly occur at low concentrations.
However, in recent times, there have been rising problems
with increasing contamination levels of heavy metals in
those environments and pollution of aquatic habitats.
Sediments in estuarine environments or on the continental
shelf usually act as a sink for land-derived aquatic
pollutants, and especially for trace metals (Tang et al.,
2010). Consequently, sediment-associated contaminants
can further influence the concentrations of TM in both the
water column and biota if they are desorbed or become
available to benthic organisms (Dı́az-de Alba et al., 2011).
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A B S T R A C T

Trace metals contaminations which impact littoral ecosystems result mainly from human

activities (industrial, agricultural, or urban). Thus, the particles exported and accumulated

in the coastal sediments are accurate anthropic pressure gauges on this kind of

environment. Spatial variations of major and trace elements concentrations in the

sediments of Ghazaouet Bay (Western coast of Algeria) have been monitored between July

2010 and June 2011. Contrasted gradients of trace metals concentrations are highlighted

between the preserved zones and the strongly impacted areas. The geo-accumulation

index (Igeo) and the enrichment factors (EF) show that the sediments in this coastal zone

are highly polluted, especially by Zn, Cd, Cu, and Pb.
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herefore, sediments often served as indicators of the
urden of heavy metals in coastal environments as they are
ltimately stored in this material (Gargouri et al., 2011).

In some works, chemical analyses in vertical sediment
rofiles are used to reconstruct the contamination history
f aquatic systems (Evenset et al., 2007; Lepland et al.,
010; Lourino-Cabana et al., 2011). The present study aims

 determine the levels of major (Al, Fe, Mg, Ti) and trace
lements concentrations (V, Cr, Mn, Co, Ni, Cu, Zn, Mo, Cd,
nd Pb) in sediments from the coastal areas of the
hazaouet Bay (northwestern Algeria). This area has been
entified as a hot spot of coastal anthropization due to
portant industrial activities (Belhadj, 2008). Thus, it is

ow crucial to evaluate the importance of pollution
ccording to objective criteria such as EF or Igeo. Three
elected sites were chosen along the near coast to elucidate

e relationship between the location of the industrial
lant of zinc electrolysis as well as other polluting sources

 the Ghazaouet area and the resulting heavy metal
ontamination in sediments.

. Materials and methods

.1. Study area

The Ghazaouet Bay is located in northwestern Algeria
 3782501900, W 12280500600) at approximately 10 km from
e Moroccan border (Fig. 1). The Ghazaouet town hosts an
portant harbor on the coast for the entire northwestern

egion of Algeria. Coastal seawaters are continuously
xposed to industrial, urban, and agricultural wastes,
eleasing huge quantities of contaminants and trace

etals, especially Zn and Cd, originating from a large
dustrial complex of zinc electrolysis, near the harbor of
hazaouet (Benguedda et al., 2011). Moreover, tailings
isposal or residues from ore exploitation by the industry
ccur outdoors as cliffs and are submitted to the leaching
f meteoric waters that further reach the shore.

.2. Sediment sampling

Sampling was carried out monthly between July
010 and June 2011. Three stations were investigated in
is area: the first on the beach of Wadi Abdella (A) located
est of Ghazaouet. The second station is situated on the

each of Wadi Ghazouana (B) 1 km east from the first
tation. The third one is located inside the harbor of
hazaouet (C), 500 m east from the Ghazaouet town
ig. 1). Surface sediment samples were taken in shallow
ater. Cores are 5 cm in depth. Sediments were collected

y diving in harbor ‘‘C’’ and by scraping surface sediments
sing a plastic shovel in stations ‘‘A’’ and ‘‘B’’. After
ollection, the samples were placed in polyethylene bags
nd transported to the laboratory in iceboxes. Thirty-five
ediment samples have been collected for analysis.

.3. Sediment geochemistry analysis

Sediment samples were air-dried for one week, and
fter performing grain size studies the finest fraction

(< 63 mm) was separated. A mixture of acids (HF, HCl,
HNO3) in proportion 1:3:1 (v:v:v), was used for the
sediment digestion in a microwave oven (Anton Paar
Multiwave 3000). Acids exhibiting high purity were
employed. Extracts were then evaporated to dryness and
diluted afterwards with Milli-Q water. The resulting
solutions were stored at 4 8C until ICP-MS quantitative
analysis of trace elements (Al, Fe, Mg, Ti, V, Cr, Mn, Co, Ni,
Cu, Zn, Mo, Cd, and Pb) using an Agilent 7700X instrument.
The accuracy of the analytical procedures for the determi-
nation of total metal concentrations was checked using the
NIST 1646a estuarine sediment standard. These were
analyzed under the same experimental conditions. Two
replicate analyses of this reference material processed in
the same time as samples are in good accordance with
certified values (Supplementary material, Table S1).

2.4. Geo-accumulation index (Igeo)

According to Müller (1969), the geo-accumulation
index (Igeo), highlights the assessment of sediment and
soil pollution by heavy metals (e.g., Amin et al., 2009; Singh
et al., 2005; Williams and Block, 2015). The values of the
geo-accumulation index can be calculated according to
Müller (1969) as follows:

Igeo ¼ log2 Cn=1:5 Bnð Þ (1)

where Cn is the measured concentration of the examined
metal (n) in the examined bottom sediment, and Bn the
geochemical background value of element n in the
surrounding rocks or, if not available, in the average shale
(e.g., Dali-youcef et al., 2005; Turekian and Wedepohl,
1961); 1.5 is the correction factor addressed due to
lithogenic effects (Lin et al., 2008).

2.5. Enrichment factor (EF)

It is common to estimate the anthropogenic impact on
coastal sediments via the calculation of trace element
enrichment factors (EF) (e.g., Kouidri et al., 2016; Lourino-
Cabana et al., 2011; Rahman et al., 2014; Rodriguez-
Barroso et al., 2010). They result from a twofold
normalization of the analyzed samples with reference
materials that refer to uncontaminated background levels
(Dickinson et al., 1996; Salomons and Förstner, 1984) – see
Eq. (2). Because TM are generally associated with the finest
particles, TM concentrations must be divided first by the
concentrations of an element (X) in the samples that is of
natural origin and that is highly associated with the grain
size fraction of clays. Then, a second normalization with a
reference background sample is applied. It reflects natural
TM concentrations that are commonly recorded in the
environment (soils or surrounding rocks).

EF ¼ TM=Xð Þsample= TM=Xð Þreference (2)

Theoretically, if the EF is higher than one, it may be
indicative that the sediment is mainly originating from an
anthropogenic source and can be used for assessing the
degree of pollution. In fact, it is more commonly admitted
that EF > 2 reflects enrichment from anthropogenic
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urces (Sutherland, 2000). If natural background concen-
tions can be determined regionally (as recommended by
bio et al., 2000), this may be already the case for EF > 1.5
huiyan et al., 2010). In our case, the background
ncentrations of V, Cr, Mn, Ni, Cu, Zn, and Pb refer to
e local background from Dali-youcef et al. (2005), and
e background concentrations of Mo, Co and Cd refer to
e mean composition of the upper continental crust and
ere taken from Turekian and Wedepohl (1961).

Several lithogenic elements have been used as refer-
ce elements because they are considered to be
ochemically stable, hosted by resistant minerals, and
nservative in most geochemical environments. The used
ment in this study is Ti for EF calculation (Boës et al.,
11) because Ti has relatively high natural concentration,

and is therefore not expected to be substantially enriched
from anthropic sources in Ghazaouet Bay. The metal to Ti
ratio is relatively constant in the crust. It is an abundant
metal and the Ti concentrations are not likely to be
significantly affected by anthropogenic sources (Dali-
youcef et al., 2005). Other elements such as Al and Fe
have been also used as references (e.g., Bhuiyan et al.,
2010; Daskalakis and O’Connor, 2005; Dumas et al., 2015)
for marine sediments.

2.6. Statistical methods

The statistical significance was computed using
ANOVA1. A probability of 0.05 or less is considered as
significant. Factor analysis based on principal component

. 1. Map of the studied area showing the Ghazaouet area (A: Beach of Wadi Abdella, B: Beach of Wadi Ghazouana and C: Harbor of Ghazaouet), where the

ples were collected.
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nalysis (PCA/FA) was used to ascertain sources of
ontamination (natural and anthropogenic). Pearson’s
orrelation was used to identify the interrelationships
etween metals and other parameters and to support the
esults obtained by PCA/FA. All calculations were per-
rmed using the statistical package Minitab 16.

. Results and discussion

.1. Distribution of major and minor metals

From the total weight of each sample and the weight of
s fraction < of 63 mm, we have determined the percent-
ge of each fraction smaller than 63 mm. The obtained
esults indicate that 5% of particles of stations ‘‘A’’ and ‘‘B’’
nd 42% of particles of station ‘‘C’’ exhibit diameters
maller than 63 mm. This fraction was chosen for our
nalysis (Salomons and Förstner, 1984).

Supplementary material, Table S2 exhibits minimum–
aximum and average concentrations of major elements
g/g dry weight) and trace elements (mg/kg dry weight).

he variability on these averages arises from the temporal
ariability on more than a dozen of samples in surface
ediments of the Ghazaouet Bay stations (A: beach of Wadi
bdellah, B: beach of Wadi Ghazouana, and C: harbor of
hazaouet). The average shale data given by Dali-youcef
t al. (2005), and the background concentrations of Mo, Co,
nd Cd refer to the mean composition of the upper
ontinental crust taken from Turekian and Wedepohl
961), were used as background data.
According to the results, the aluminum average

oncentrations were 37.60 mg/g (12.47–60.38 mg/g) at
tation ‘‘A’’, 36.68 mg/g (13.92–56.02 mg/g) at station ‘‘B’’
nd 50.96 mg/g (23.72–60.07 mg/g) at station ‘‘C’’. Iron
verage concentrations were 32.05 mg/g (11.62–44.07 mg/
) at station ‘‘A’’, 34 mg/g (14.52–52.9 mg/g) at station ‘‘B’’
nd 35.77 mg/g (20.98–38.17 mg/g) at station ‘‘C’’.

Magnesium is a lithophile metallic element and a major
onstituent of many mineral groups, including carbonates.
he average concentrations were 17.42 mg/g (5.80–
4.57 mg/g), 14.61 mg/g (5.88–26.88 mg/g), and
1.14 mg/g (4.07–13.13 mg/g) at stations ‘‘A’’, ‘‘B’’ and
C’’, respectively. In northeastern Algeria, large dolomite
rmations outcrops (Thinton, 1941) are responsible for
e high Mg concentrations in sediments. The titanium

oncentration levels depend on many parameters in
elation with the constitution of the area (Benest and
lmi, 1978; Thinton, 1941). The average concentrations
ere 5.39 mg/g (1.88–7.16 mg/g), 5.49 mg/g (2.12–

.06 mg/g) and 4.28 mg/g (4.15–4.39 mg/g) at study
tations, respectively. In the present study, Al, Fe Mg,
nd Ti concentrations are in the range of the background
ata (31 mg/g for Al, 33 mg/g for Fe, 10.8 mg/g for Mg and
.5 mg/g for Ti) (Dali-youcef et al., 2005).

The average concentrations of vanadium, manganese,
obalt and molybdenum were 100.40 mg/kg (35.76–
35.60 mg/kg), 546.80 mg/kg (247–787 mg/kg),
4.93 mg/kg (6.50–21.54 mg/kg) and 1.04 mg/kg (0.45–
.41 mg/kg) at station ‘‘A’’ respectively, 94.26 mg/kg
8.76–148.19 mg/kg), 573 mg/kg (232–859 mg/kg),

15.05 mg/kg (6.55–23.95 mg/kg), and 0.95 mg/kg (0.42–
1.44 mg/kg) at station ‘‘B’’, respectively, and 101.35 mg/kg
(43.5–110.5 mg/kg), 351.26 mg/kg (243–399 mg/kg),
10.43 mg/kg (4.77–11.16 mg/kg) and 2 mg/kg (1.50–
3.65 mg/kg) at station ‘‘C’’, respectively. These concen-
trations are in the range of the background data (V: 73 mg/
kg, Mn: 391 mg/kg, Co: 19 mg/kg, and Mo: 2.6 mg/kg)
(Dali-youcef et al., 2005; Turekian and Wedepohl, 1961)
(Supplementary material, Table S2).

The average concentrations of chromium were
115.93 mg/kg (57.08–186.11 mg/kg), 126.63 mg/kg (62–
320 mg/kg) and 81.72 mg/kg (38–103 mg/kg), and those of
nickel were 43.53 mg/kg (19.73–61.69 mg/kg), 44.63 mg/
kg (20.04–76.63 mg/kg), and 36.98 mg/kg (26.43–
40.68 mg/kg) at all stations, respectively. These concen-
trations are found slightly higher than the local back-
ground (Cr: 55 mg/kg and Ni: 20 mg/kg) (Dali-youcef et al.,
2005) (Supplementary material, Table S2).

The results for copper, zinc, cadmium, and lead indicate
high concentrations, easily exceeding the average refer-
ence levels in all stations (Supplementary material, Table
S2), (Cu: 23 mg/kg; Zn: 57 mg/kg; Cd: 0.3 mg/kg; Pb:
13 mg/kg) (Dali-youcef et al., 2005; Turekian and Wede-
pohl, 1961). The average concentrations of copper were
63.90 mg/kg (12.46–247.14 mg/kg), 92.15 mg/kg (37.5–
153.4 mg/kg), and 210.66 mg/kg (12–521 mg/kg) at the
study stations, respectively. For zinc, they were 282 mg/kg
(109–486 mg/kg), 1901 mg/kg (624–4376 mg/kg), and
2252 mg/kg (49–2858 mg/kg), for cadmium were
3.87 mg/kg (1.06–9.09 mg/kg), 19.57 mg/kg (5.81–
34.69 mg/kg), and 11.50 mg/kg (0.21–15.61 mg/kg) where-
as those for lead were 61.38 mg/kg (22–113 mg/kg),
374 mg/kg (288–427 mg/kg), and 356 mg/kg (12–
459 mg/kg) at all stations respectively. The highest
concentrations were obtained for zinc at station ‘‘C’’.

The important quantities of zinc and cadmium, in
the region of Ghazaouet, come from the discharges of the
Metanof (Alzinc) plant, which extracts zinc and cadmium,
and manufactures sulfuric acid. Despite the recent installa-
tion of a water treatment unit, zinc concentrations are still
very high and exceed the average reference level. The
important quantities of lead can be probably explained by the
industrial releases of waste and many chemicals accom-
panying the production process. The amount of industrial
sewage, emanating from the surrounding town is directly
discharged into the harbor ‘‘C’’ and in the neighboring area
‘‘B’’. These facts may explain the highest levels of Cu and Zn
found in surface sediments at station ‘‘C’’. Cantillo and
O’Connor (1992) established the average Cd concentrations
in sediments throughout world from 1.5 to 7.7 mg/kg, with
maximum values close to industrial complexes and sewage
pipelines. Pb in sediments is mainly bounded to fine particles
or oxides coatings, and is also essentially associated with
organic matter or mineral sulfides in anaerobic conditions.

Results of Supplementary material, Table S2 show that
the concentrations for Mg and Co were significantly
(P < 0.05) and significantly high for Al, Mn, Cu, Zn, Mo
Cd and Pb (P << 0.005) between stations (ANOVA1).

Titanium, element major of aluminosilicates, fulfils
perfectly the requirements of a nonreactive, inert standard
element with respect to the physicochemical parameters
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 the environment, and is stable in aquatic environments
loupi and Angelidis, 2001; Din, 1992; Rubio et al., 2000).
is element is used to assess the mobility of other metals.
is used to normalize major and trace elements in the
azaouet sediments, which are shown in Figs. 2, 3a and

. Heavy metals normalized with reference elements can
 used to remove the influences of geological and
drodynamic processes and to estimate the anthropo-
nic impact (Soto-Jiménez and Páez-Osuna, 2001). Figs. 2,

 and 3b show the variations of major elements (Al, Fe,
d Mg) and trace elements (V, Cr, Mn, Co, Ni, Cu, Zn, Mo,

 and Pb), respectively, versus the reference element (Ti).
e lines in each one of the figures correspond to the slope

ith the ratio element/Ti defined in the UCC.
Most of normalized elements show significant increa-

s in each one of the sediment profiles. In all stations, the
–Ti, Fe–Ti and Mg–Ti relationships are linear (Fig. 2). The
/Ti (4–10), Fe/Ti (5–8) and Mg/Ti (1–4) ratios vary
ghtly, apart from a few points. It should be noted that the
/Ti ratio can reach 14.37 in station ‘‘C’’ (harbor), where
e emissaries of the Alzinc factory have been found.
The variations of the ratio X/Ti are less important for V

.01–0.03), Cr (0.01–0.04), Co (0.001–0.003), Ni (0.01) and
o (0.0002–0.0006) (Fig. 3a, 3b), and are more significant

for Cu (0.01–0.12), Zn (0.01–0.76), Cd (0.0001–0.016) and
Pb (0.001–0.17) (Fig. 3b). We observe also an enrichment
with copper, zinc, cadmium, and lead in Ghazaouet Bay,
due mainly to the industrial wastes.

In the case of manganese, we observed important values
of the Mn/Ti ratio (0.06–0.13). The reason of these finding
is the geochemical nature of the region (Thinton, 1941).

Major elements (Al, Fe, and Mg) and minor elements (V,
Cr, Mn, Co, Ni and Mo) show well-defined linear
correlations with Ti, which suggests that they are
immobile or less mobile during the study period (Figs. 2,
3a, b). In contrast, Cu, Zn, Cd and Pb show a wide range and
do not correlate with Ti in sediments (Fig. 3b). Their large
variation likely attests to an enrichment by these elements.

3.2. Factor analysis

The results of the PCA are presented in Fig. 4. Two
principal components are extracted, which account for
100% of the total variance. The first factor (PC1) explains
74.60% of the total variance, and contains a positive loading
of V, Mo, Al, Cu, Fe, Zn, Pb, and Cd and a negative loading of
Mg, Co, Ti, Ni, Mn, and Cr. The second factor (PC2) accounts
for 25.4% of the total variance (Fig. 4). Having two factors

. 2. Variations of major element concentrations (Al, Fe and Mg) versus the reference element Ti in surface sediments collected at study stations in the
azaouet Bay.
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ith different loadings means that two different contri-
utions are involved in the determination of major and
ace element concentrations in marine sediments (Rah-
an et al., 2014).

Results consistent with the PCA were obtained from CA,
here the fourteen metallic elements were grouped into

two significant clusters (Fig. 5): the first cluster (C1)
contains Al, Mo, Cu, Fe, Zn, Pb, Cd and V (correlated in factor
1 in PCA); the second cluster (C2) contains Mg, Ti, Mn, Ni,
Co, and Cr (which was well consistent in factor 2 in PCA). At
a higher distance, the two clusters (C1 and C2) are merged
to form cluster (C3).
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A correlation matrix was calculated for major and trace
ments to establish relationship among metals and
termine common origin of metals in Ghazaouet Bay
diments. Pearson’s correlation matrix for all samples is
esented in Supplementary material, Table S3. Strongly
sitive correlations were observed among the elements in
ster C1; i.e. between Al and Mo (r = 1.000), Al and Cu

(r = 0.971), Al and Fe (r = 0.819), Al and Zn (r = 0.592), Al and
V (r = 0.648), Mo and Cu (r = 0.967), Mo and Fe (r = 0.809),
Mo and Zn (r = 0.578), Mo and V (r = 0,661), Cu and Fe
(r = 0.932), Cu and Zn (r = 0.767), Cu and Pb (r = 0.608), Fe
and Zn (r = 0.948), Fe and Pb (r = 0.855), Zn and Pb
(r = 0.976), Zn and Cd (r = 0.760), and Pb and Cd
(r = 0,883). In addition, positively strong correlation were

Fig. 3. (Continued ).
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und among the components of cluster C2 (i.e. between
g and Ti, Mg and Mn, Mg and Ni, Mg and Co, Mg and Cr, Ti

nd Mn, Ti and Ni, Ti and Co, Ti and Cr, Mn and Ni, Mn and
o, Mn and Cr, Ni and Co, Ni and Cr, Co and Cr with

 = 0.856, 0.841, 0.827, 0.884, 0.769, 1.000, 0.999, 0.998,
.989, 1.000, 0.996, 0.993, 0.994, 0.995, 0.979, respectively
upplementary material, Table S3). Combined with the

bove analysis, we can see that the first group (Al, Mo, Cu,
e, Zn, Pb, Cd and V) mainly came from artificial sources,

whereas the second group (Mg, Ti, Mn, Ni, Co, and Cr)
mainly came from the natural environment.

3.3. Comparison with other Mediterranean sites

Supplementary material, Table S4 gives the minimum,
maximum metal concentrations reported in different
Mediterranean coastal sediments including those obtained
in this work. Recently published values from Rodriguez-
Barroso et al. (2010), Dı́az-de Alba et al. (2011), Gargouri
et al. (2011), Tessier et al. (2011), Okbah et al. (2014), Dang
et al. (2015), Kouidri et al. (2016), Misson et al. (2016) were
chosen to highlight some real levels of contamination and
compare them with our data, with the recommended
values for unpolluted sediments (GESAMP, 1982, Salomons
and Förstner, 1984) and with sediment quality guidelines
TEC (Threshold Effect concentrations) and PEC (Probable
Effect Concentrations) (MacDonald et al., 2000). The
minimum and maximum values were considered for each
metal studied. The Fe concentrations in Ghazaouet Bay
were found higher than in other sites (Gargouri et al., 2011;
Kouidri et al., 2016, Misson et al., 2016; Okbah et al., 2014);
Mn concentrations were found lower than literature
values. Both Fe and Mn were lower than the values for
unpolluted sediments (Fe: 41 mg/g, Mn: 770 mg/kg)
recommended by Salomons and Förstner (1984).

Chromium concentrations were found higher than
those found in Tangiers Bay, Sfax coast and Toulon Bay
(Gargouri et al., 2011; Misson et al., 2016; Rodriguez-
Barroso et al., 2010), but lower than sediment quality
guidelines TEC (Threshold Effect concentrations) and PEC
(Probable Effect Concentrations) (MacDonald et al., 2000).
Ni concentrations were higher than those found in Toulon
Bay (Dang et al., 2015 and Misson et al., 2016) and PEC
(Probable Effect Concentrations) (MacDonald et al., 2000).
Except for Toulon Bay, Cu and Pb levels were higher in our
results than those reported in all references of Supple-
mentary material, Table S4, (Cu: 33 mg/kg; and Pb: 19 mg/
kg), recommended by Salomons and Förstner (1984). In
general, the degree of marine contamination in Ghazaouet
Bay remains relatively high for Cu, Zn, Cd and Pb, compared
to the recommended values for unpolluted sediments, TEC
(Threshold Effect Concentrations) and PEC (Probable Effect
Concentrations) (GESAMP, 1982, MacDonald et al., 2000;
Misson et al., 2016; Salomons and Förstner, 1984).

3.4. Geo-accumulation index and enrichment factors

Table S5 (Supplementary material) shows the index
values Igeo, and enrichment factors EF at the three stations
(A, B, and C). According to Dali-youcef et al. (2005), the
local background values (mg/kg dry weight) adopted are
fixed at 30,570 for Al, 32,490 for Fe, 73.19 for V, 54.91 for
Cr, 391 for Mn, 20.10 for Ni, 22.53 for Cu, 57.24 for Zn,
2.6 for Mo, 0.3 for Cd, 13.27 for Pb, and, according to
Turekian and Wedepohl (1961), the background values
adopted are 90 for Cr and 0.3 for Cd. The elements Zn, Cd
and Pb showed the highest Igeo values at all stations. Igeo for
Zn varied between 1.383 and 4.381, for Cd varied between
3.106 and 5.443 and for Pb varied between 1.032 and
3.689. Those values put Zn for both stations ‘‘B’’ and ‘‘C’’

ig. 5. Dendrogram derived from the hierarchical cluster analysis of

ajor and ETM contents in the analyzed sediments.

ig. 4. Biplots for first and second axes of the PAC bases on mean values of

ajor elements (Al, Fe, Mg and Ti) and trace elements (V, Cr, Mn, Co, Ni,

u, Zn, Mn, Cd and Pb) in surface sediments collected at study stations

om the Ghazaouet Bay.
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d Cd for the station ‘‘C’’ in class 5, corresponding to
ghly to very polluted sediments, and Cd for the stations
’’ and Pb for both stations ‘‘B’’ and ‘‘C’’ in class 4, which
rresponds to highly polluted sediments. The values Igeo

 stations ‘‘B’’ put Cd in class 6, corresponding to very
ghly polluted sediments. The Igeo indexes for both Zn and

 put this metal in class 2, corresponding to moderately
lluted sediments for the stations ‘‘A’’. The Igeo indexes for

 varied between 0.869 and 2.590, putting Cu in class
for the station ‘‘A’’, corresponding to unpolluted to
oderate polluted, in class 2 for the station ‘‘B’’,
rresponding to moderately polluted, and in class 3 for
e station ‘‘C’’ corresponds to moderate to high polluted
diments. The Igeo values in all stations put both Cr and Ni

 class 1, which corresponds to unpolluted to moderate
lluted sediments. The Igeo indexes for Mn varied
tween 0.444 and 0.262, putting this metal in class 0,
rresponding to unpolluted for the station ‘‘C’’, and in
ss 1 for both stations ‘‘A’’ and ‘‘B’’, corresponding to
polluted to moderate polluted sediments. The values for

, Fe, V, Cr, Co, and Mo were found to be lower than 0,
dicating unpolluted sediments (class 0) (Müller, 1969).

Metal accumulation in sediments is related to different
rameters. Also, the results show that no enrichment was
served for Co and Mo at all stations, Al, Fe, and V at both
tions ‘‘A’’ and ‘‘B’’, and Mn at station ‘‘C’’ (EF < 1). The
richment was less for Cr and Ni at all stations, Al, Fe, and
at stations ‘‘C’’, Mn and Cu at both stations ‘‘A’’ and ‘‘B’’
d Pb at station ‘‘A’’ (1 < EF < 3). The enrichment was
oderately severe for Cu at station ‘‘C’’ and Cd at station
’’ (5 < EF < 10), and more severe for Zn at station ‘‘B’’ and
 at both stations ‘‘B’’ and ‘‘C’’ (10 < EF < 25). The
richment became very severe for Zn at station ‘‘C’’ and

 at both stations ‘‘B’’ and ‘‘C’’ (25 < EF < 50) (Supple-
entary material, Table S5), which receive agricultural and
dustrial domestic wastes.

 Conclusion

This investigation consisted in a detailed analysis of the
ncentrations of major and trace elements in sediments in
azaouet Bay (northern Algerian coast). The metal

ncentrations measured in sediments indicate that the
ea of Ghazaouet is severely polluted. A high variability of
etal accumulations was found at the three stations under
dy. Based on the results obtained, the sediments from
azaouet Bay show that the average concentrations of

pper, zinc, cadmium, and lead exceed the background
lues. The impact of anthropogenic heavy metal pollution

 Ghazaouet Bay was evaluated using the geo-accumula-
n index (Igeo) and the enrichment factor (EF) at all
tions. The geo-accumulation indices (Igeo) are clearly

riable and suggest that sediments were moderately to
ghly polluted for Cu, and highly to very polluted for Zn,
, and Pb. The results of normalized enrichment factors

F) show higher values for Cu (1.79–7.42), Zn (2.55–
.66), Cd (8.43–41.72), and Pb (2.07–15.11), thus
nfirming a case of pollution. Compared with the
diment quality guidelines, in sediment samples Cu, Zn,

 and Pb levels were above the TEC values, showing that

adversely sediment-dwelling organisms. Consequently,
continuous monitoring and efforts of remediation might
be required to improve the coastal environment near the
industrialized area.
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Boës, X., Rydberg, J., Martinez-Cortizas, A., Bindler, R., Renberg, I., 2011.
Evaluation of conservative lithogenic elements (Ti, Zr, Al, and Rb) to
study anthropogenic element enrichments in lake sediments. J. Paleo-
limnol. 46, 75–87.

Cantillo, A.Y., O’Connor, T.P., 1992. Trace element contaminants in sedi-
ments from the NOAA National Status and Trends Programme com-
pared to data from throughout the world. Chem. Ecol. 7, 31–50.

Dali-youcef, N., Ouddane, B., Derriche, Z., 2005. Metals found in superficial
sediments of the Tafna River and its estuary in north-western Algeria.
Fresenius Environ. Bull. 14, 753–763.

Dang, D.H., Lenoble, V., Durrieu, G., Omanović, D., Mullot, J.U., Mounier, S.,
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Soto-Jiménez, M.F., Páez-Osuna, F., 2001. Distribution and normalization
of heavy metal concentrations in mangrove and lagoonal sediments
from Mazatlán Harbor (SE Gulf of California). Estuar. Coast. Shelf Sci.
53, 259–274.

Sutherland, R.A., 2000. Bed sediment associated trace metals in an urban
stream, Oahu. Hawaii. Environ. Geol. 39, 611–627.

Tang, W., Shan, B., Zhang, H., Mao, Z., 2010. Heavy metal sources and
associated risk in response to agricultural intensification in the
estuarine sediments of Chaohu Lake Valley, East China. J. Hazard.
Mater. 176, 945–951.

Tessier, E., Garnier, C., Mullot, J.U., Lenoble, V., Arnaud, M., Raynaud, M.,
Mounier, S., 2011. Study of the spatial and historical distribution of
sediment inorganic contamination in the Toulon Bay (France). Mar.
Pollut. Bull. 62, 2075–2086.

Thinton, T., 1941. Les aspects physiques du Tell oranais. Essai de mor-
phologie du pays semi-aride. Ed. Fouque, Oran, Algérie, 638.

Turekian, K.K., Wedepohl, K.H., 1961. Distribution of the elements in some
major units of the earth’s crust. Geol. Soc. Am. 72, 175–192.

Williams, N., Block, K.A., 2015. Spatial and vertical distribution of metals
in sediment cores from Rı́o Espı́ritu Santo estuary, Puerto Rico, United
States. Mar. Pollut. Bull. 100, 445–452.

http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0085
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0085
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0085
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0090
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0090
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0090
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0095
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0095
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0095
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0100
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0100
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0105
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0105
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0105
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0155
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0155
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0155
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0160
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0160
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0160
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0110
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0110
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0110
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0115
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0115
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0120
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0120
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0120
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0125
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0125
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0125
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0130
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0130
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0135
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0135
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0135
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0150
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0150
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0150
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0140
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0140
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0165
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0165
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0165
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0170
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0170
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0170
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0170
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0175
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0175
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0175
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0185
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0185
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0185
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0190
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0190
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0195
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0195
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0195
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0200
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0200
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0200
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0200
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0210
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0210
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0215
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0215
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0215
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0215
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0220
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0220
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0220
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0225
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0225
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0230
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0230
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0235
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0235
http://refhub.elsevier.com/S1631-0713(17)30119-0/sbref0235

	Geochemistry of major and trace elements in sediments of Ghazaouet Bay (western Algeria): An assessment of metal pollution
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Sediment sampling
	2.3 Sediment geochemistry analysis
	2.4 Geo-accumulation index (Igeo)
	2.5 Enrichment factor (EF)
	2.6 Statistical methods

	3 Results and discussion
	3.1 Distribution of major and minor metals
	3.2 Factor analysis
	3.3 Comparison with other Mediterranean sites
	3.4 Geo-accumulation index and enrichment factors

	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


