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Abstract A five-step sequential extraction technique, fol-
lowing Tessier’s protocol, has been applied to determine
the chemical association of Cd, Cu, Fe, Pb, and Zn with
major sedimentary phases (exchangeable, carbonate, man-
ganese and iron oxides, organic and residual fraction) in
surface sediments from 14 stations off the Libyan
Mediterranean coast. This study is a first approach of
chemical fractionation of these metals in one of the most
economically important area of the Libyan coastline in
Mediterranean Sea. The total metal content was also de-
termined. The total concentration of metals ranged from
5–10.5 mg/kg for Cd, 9.1–22.7 mg/kg for Cu, 141.8–
1056.8 mg/kg for Fe, 18.9–56.9 mg/kg for Pb, and 11.6–
30.5 mg/kg for Zn. The results of the partitioning study
showed that the residual formwas the dominant fraction of
the selected metals among most of the studied locations.
The degree of surface sediment contamination was com-
puted for risk assessment code (RAC), individual contam-
ination factor (ICF), and Global contamination factor
(GCF). Risk assessment code classification showed that

the relative amounts of easily dissolved phase of trace
metals in the sediments are in the order of
Pb>Zn>Cd>Cu>Fe. The results of ICF and GCF showed
that Sirt and Abu Kammashand had higher GCF than
other sites indicating higher environmental risk. In terms
of ICF value, a decrease order in environmental risk by
trace metals was Pb>Zn>Cu>Cd>Fe. Therefore, Pb had
highest risk to water body.

Keywords Sediments . Sequential extraction
procedure .Mediterranean coast

Introduction

Trace metals are widely dispersed in the aquatic environ-
ment and ultimately deposited in the sediment which is
therefore of particular interest concerning its metal con-
tent (Gomes et al., 2010). Marine sediment serves as one
of the major reservoirs for all kinds of contaminants,
including metals. The properties of metals in soils and
sediments depend on the physicochemical form in which
they occur (Gleyzes et al., 2002). On the other hand,
determination of total metals, in sediments, usually gives
only a rough approach to assess the environmental impact
caused by trace metals in sediment. Therefore, the assess-
ment of the environmental risks requires the measure-
ments not only for the total contents of trace metals in
sediments but also for the amounts of trace metals in each
binding form (Lin et al., 2003). Today, it is generally
recognized that the particular behavior of trace metals in
the environment is determined mostly by their specific
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physicochemical fractionation and speciation or chemical
form rather than by their total concentration (Tack and
Verloo, 1995). Trace metals may distribute in sediments
as exchangeable, acid-soluble (bound to carbonates), re-
ducible (bound to Fe/Mn oxides and hydroxides), oxidiz-
able (bound to organic matter), and residual (bound to
silicates and detrital materials) species. The chemical
fractionation of trace metals in sediments can be investi-
gated by carefully employing a selective extraction
scheme from the several extraction schemes available in
the literature (Uzairu et al., 2009). Among a range of
available techniques using various extraction reagents
and experimental conditions, the 5-step Tessier et al.
1979 and the 6-step extraction method, Kersten and
Frostner (1986) were mostly widely used. Following
these two basic schemes, some modified procedures with
different sequences of reagents or experimental condi-
tions have been developed (Ure et al., 1993; Borovec
et al., 1993; Campanella et al., 1995; Gomez-Ariza et al.,
2000; Zdenek, 1996; Okoro et al. 2012). The risk assess-
ment code (RAC), the individual contamination factors
(ICF), and the global contamination factor (GCF) have
been used to assess environmental risks and estimate
possible damage to benthic organisms caused by contam-
inated sediments, because as mentioned before, metals
are bounded to different sediment fractions with different
binding strengths leading to variable bioavailability of
metals in the environment (Badri and Aston, 1983).

Libya is a large landscape country in North Africa
with a total area of 1.5 M km2. The population and the
industrial power are continually growing. As a result,
natural water supplies are under pressure to fulfill cur-
rent and future requirements of both domestic and in-
dustrial use. Libya is an oil-producing country whose
economy depends on the gas industry. The oil and gas
facilities are scattered all over the country, onshore and
offshore, in which water demands for quality and quan-
tity are very high (Al-Hengari, et al., 2007). The major
environmental concerns in Libya are water availability
and the depletion of underground water as a result of
overuse in agricultural developments, causing salinity
and seawater penetration into the coastal aquifers.
Another significant environmental problem is water
pollution on the coastal environment from the combined
impact of sewage, oil byproducts, and industrial waste
(El Haddad, 2012).

The main objectives of this study were (1) to provide
a better understanding of the mobility and bioavailabil-
ity of Cd, Cu, Fe, Pb, and Zn in sediments of the Libyan

Mediterranean coast using sequential extraction proce-
dure and (2) to assess environmental risks and estimate
possible damage to benthic organisms caused by con-
taminated sediments. This study supports metal pollu-
tion monitoring and control for the Libyan
Mediterranean Sea. It will be a useful tool to authorities
in charge of sustainable marine management.

Materials and methods

Study area

Libya has a unique position in the middle of North Africa.
It is a junction between its eastern andwestern seashores. It
embraces the southern coasts of the Mediterranean Sea,
forming the heart for this great sea. The Libyan Coast
extends to about 1900 km between Beir Al Ramla on the
Egyptian borders to the east and Ras Gidier on the
Tunisian borders to the west (Fig. 1). This distance is equal
to around 37 % of the total Arab Coasts on the
Mediterranean Sea. The Libyan coastline is considered as
the longest African coastline on the Mediterranean Sea. In
addition to its length, it is at the same time very rich in its
natural resources be they in the field of fish wealth or
energy and mineral raw resources (El Haddad, 2012).

Analysis of total metals concentrations

A concentrated acid digestion protocol (Oregioni and
Aston, 1984) was followed and the digested solution
was diluted accordingly and measured for Cd, Cu, Fe,
Pb, and Zn using an atomic absorption spectrophotom-
eter (AA6800, SHIMADZU, Kyoto, Japan).
Instruments were calibrated using sets of at least five
standards covering the range of concentrations encoun-
tered in the literature. All calibration curves showed
good linearity (r > 0.99) and bias = 2%. Reagent blanks,
parallel replicates, and a standard reference material
(IAEA-405: estuarine sediment, International Atomic
Energy Agency, Vienna, Austria) were incorporated in
each digestion batch for quality control and quality
assurance. Accuracy and precision of the analyses were
checked by analyzing ten replicate samples of the refer-
ence material. Certified values of Fe, Mn, Zn, Cr, Ni,
and Pb were 37,400, 495, 279, 84, 32.5, and
74.8 mg kg−1, and their measured values were 38,334,
460, 252, 78, 31, and 77 mg kg−1, respectively. The
recovery of the selected elements ranged from 90 to
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104 %. Precision expressed as relative standard devia-
tion (RSD) was always better than 7 % for all the
measured elements.

Sequential extraction of selected metals

In the present study, metals were sequentially extracted
following the five-step method proposed by Tessier
et al. 1979 into operationally defined as exchangeable
(F1), carbonate (F2), Fe/Mn hydroxide (reducible) (F3),
organic (F4), and residual (F5). These fractions may be
considered to decrease in availability from exchange-
able to residual. After each successive extraction, sam-
ples were centrifuges at 4000 rpm for 20 min to separate
the extracted from the sediments. The concentrations of
Cd, Cu, Fe, Pb, and Zn in each of the leachates were
determined by AAS (SHIMADZU 6800, Kyoto, Japan)
in flame mode.

Results and discussion

Total metals distribution

Total metal concentrations in surface sediments of the
Libyan Mediterranean coast are presented in Table 1.
From the table, the measured metal contents varied
greatly as follows: Fe>Pb>Zn>Cu>Cd. Among the five
elements studied, concentrations of Fe were higher,
whereas lower concentrations of Cd were observed in
the different sampling locations.

Sequential extraction

The percentages of metals concentrations that were ex-
tracted in each step of the sequential extraction procedure
used in this study were presented in Fig. 2. The trace
metals associated with different fractions in the Libyan
Mediterranean coastal sediments follow the order

Fe: residual>Fe/Mn oxides>organic>carbonate>
exchangeable
Cu: residual>organic>Fe/Mn oxides>carbonate>
exchangeable
Zn: residual>carbonate>organic>Fe/Mn oxides>
exchangeable
Pb: residual>carbonate>Fe/Mn oxides>organic>
exchangeable

Fig. 1 Sampling locations of the
study area

Table 1 Total metals concentrations (in μgg−1 dry wt) and % of
organic matter for marine sediments of the Libyan Mediterranean
coast

Location Cd Cu Fe Pb Zn OM%

Toubrk 10.0 17.8 606.2 31.8 23.5 1.72

Bayada 10.0 17.7 763.7 33.1 19.8 1.61

Benghazi 10.1 17.9 751.4 29.7 26.5 1.91

Zweitine 10.1 18.3 681.3 37.8 23.9 1.76

Ras Lanuf 10.4 18.8 654.6 38.6 22.8 1.14

Sirt 9.8 17.0 600.5 30.8 20.9 1.52

Misurata 5.4 11.1 400.4 56.9 17.0 1.48

Tripoli 5.3 9.1 202.6 43.0 15.9 1.23

Abu Kmmash 5.2 9.7 1056.8 39.6 11.6 1.23

Ras Ejdir 9.7 15.7 552.7 18.9 16.9 0.86
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Cd: res idual>carbonate>organic>Fe/Mn
oxides>exchangeable

Results of the sequential extraction suggest that the
residual fraction dominated the Fe (82.44–96.68 %), Cd
(84.24–93.59 %), Cu (82–97 %), and Zn (70–90 %)
distribution in the LibyanMediterranean Sea sediments.

The exchangeable and carbonate fractions of Fe are
totally geochemically insignificant (<1 % of total). The
metals like Zn and Pb represent an appreciable portion
in carbonate phase, as these metals have special affinity
towards carbonate and may co-precipitate with its min-
erals (Sundaray, 2007). Further, organic bound Fe, Zn,
and Cd seem to be the second dominant fraction among
the non-lithogenous. The lower percentage of Fe in
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Fig. 2 aExtraction percentage of Cd, Cu, and Fe in sampling sites along the LibyanMediterranean sediments. bExtraction percentage of Pb
and Zn in sampling sites along the Libyan Mediterranean sediments
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organic fraction probably results from the competition
between Fe/Mn organic complex and hydrous Fe/Mn
oxide forms (Sundaray, 2007).

Contamination assessment

Risk assessment code

The distribution of metals in different fractions obtained
by sequential extraction procedure offers an indication
of their availability, which, in turn, allows the assess-
ment of the risk of their presence in the aquatic environ-
ment (Jain, 2004). Risk assessment code (RAC) as
proposed by Perin et al. 1985, mainly applies to the
sum of exchangeable and carbonate-bound fractions
for assessing the availability of metals. If a sediment
sample can release in these fraction, less than 1 % of the
total metal will be considered safe for the environment.
On the contrary, sediment releasing in the same fractions
more than 50 % of the total metal has to be considered
highly dangerous and can easily enter the food chain

(Zakir and Shikazono, 2011). This classification is tab-
ulated in Table 2.

RAC applied to the present study revealed that on
average, 41.7 % of total Pb of the study sites was either
adsorbed, exchangeable, or carbonate bound and, there-
fore, comes under the high risk category to local envi-
ronment and can easily enter into the food chain
(Table 2). On the other hand, only 0.98–4.09 % of total
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Fig. 2 (continued)

Table 2 Risk Assessment Code (RAC) in sediments samples
collected from the Libyan Mediterranean coastal

Risk
assessment
code (RAC)

Criteria: metal (%) in
exchangeable/carbonate
phase

RAC for Libyan
Mediterranean
coast

No risk <1 –

Low risk 1–10 Fe, Cd, Cu

Medium risk 11–30 Zn

High risk 31–50 Pb

Very high risk >50 –
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Fe was found in the exchangeable and carbonate-bound
fraction with an average value of 2.14 % and, therefore,
comes under the low risk category indicating lower
availability from which Fe cannot be easily leached
out for the aquatic environment. Furthermore, on an
average, 4.1, 3.25, and 14.8 % of total Cd, Cu, and Zn,
respectively, of the study sites either is exchangeable or
carbonate bound. The relative amounts of easily dis-
solved phase of trace metals in the sediments are in the
order of Pb>Zn>Cd>Cu>Fe.

The individual and global contamination factor

The determination of contamination factor of heavy
metals is an important aspect that indicates the degree
of risk of trace metals to environment in relation with its
retention time (Nemati et al., 2009). Table 3 shows the
individual contamination factor (ICF) and the global
contamination factor (GCF) for Cd, Cu, Fe, Pb, and
Zn in the Libyan Mediterranean Sea sediments. The
ICF are defined as the sum of trace metal concentration
in non-residual phases of sample divided by that in
residual phase. The GCF for each site was calculated
by summing up the ICF for all toxic elements obtained
from a site (Barona et al., 1999). The applicability of
many toxic metals in calculating GCF is significant,
which reflects the overall potential risks posed by the
toxic metals to the environment and biota. These
methods of assessment based on contamination factors
had been used by other authors (IKem et al., 2003;
Margui et al., 2004). On the basis of the Ikem et al.
(2003), ICF reflects the risk of contamination of a water
body by a pollutant. In terms of ICF value, a decrease
order in environmental risk by trace metals was

Pb>Zn>Cu>Cd>Fe. Therefore, Pb had the highest risk
to water body. However, the bioavailability of metals
from sediment into the water column will be influenced
by factors such as pH, chemical forms of the heavy
metals, and the physicochemical characteristics of the
water column (Ikem et al., 2003). The global contami-
nation factor analyzed from ICF values showed that Sirt
and Abu Kammashand had a higher GCF than other
sites indicating a higher environmental risk.

Relation between organic fraction and total organic
matter

Organic compound in sediment, frequently existing
in considerable amounts in particle form, plays an
important role in trace metal transformation. In
sediment, the solubility of organic matters usually
directly determines the mobility of trace metals.
Normally, the complexation of metal ions with
insoluble organic compounds can strongly lower
their mobility, whereas the formation of soluble
metal complexes with dissolved organic com-
pounds would enhance their mobility (Sekaly
et al., 1999). The relationship between concentra-
tion of Cd, Cu, Fe, Pb, and Zn at the organic
bound fraction with OM in surface sediment of
The Libyan Mediterranean coast was identified.
The results showed that there was a negative linear
correlation between Fe (r = −0.127) and Zn
(r = −0.408) with OM. On the other hand, there
was a non-significant positive linear correlation
between Cd (r = 0.201) and Pb (r = 0.023) with
OM, while Cu showed a strong positive correlation
between Cu (r = 0.683, p = 0.05) with OM. OM

Table 3 Individual and global contamination factors of Cd, Cu, Fe, Pb, and Zn in the Libyan Mediterranean Sea sediments

ICF Cd ICF Cu ICF Fe ICF Pb ICF Zn GCF

Tobruk 0.072 0.067 0.059 3.904 0.259 4.360

Bayada 0.071 0.066 0.051 5.249 0.225 5.662

Benghazi 0.076 0.120 0.052 1.652 0.122 2.022

Zweitine 0.085 0.148 0.051 1.714 0.402 2.400

Ras Lanuf 0.087 0.152 0.066 2.518 0.410 3.234

Sirt 0.075 0.183 0.069 7.485 0.389 8.202

Misurata 0.179 0.206 0.115 4.454 0.199 5.152

Tripoli 0.187 0.187 0.213 5.450 0.319 6.356

Abu Kmmash 0.164 0.166 0.034 8.148 0.420 8.932

Ras Ejdir 0.069 0.024 0.057 4.664 0.201 5.014
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had a positive function to complex with Cu in
surface sediments from The Libyan Mediterranean
coast.

Conclusion

Distribution and partitioning phases of trace metals is of a
major environmental concern in relation to chemical frac-
tionation and eco-toxicological aspects. It can also be used
as a tool to provide information on the bioavailability and
mobility of heavy metals in the sediments. The chemical
fractionation of metals in the majority of stations collected
along the Mediterranean coast of Libya was in the
order of residual>carbonate>organic>Fe/Mn
oxides>exchangeable for Cd, residual>organic>Fe/Mn
oxides>carbonate>exchangeable for Cu, residual>Fe/Mn
oxides>organic>carbonate>exchangeable for Fe,
residual>carbonate>Fe/Mnoxides>organic>exchangeable
for Pb, and residual>carbonate>organic>Fe/Mn
oxides>exchangeable for Zn. The relative amounts of
easily dissolved phase of trace metals in the sediments
are in the order of Pb>Zn>Cd>Cu>Fe. Risk assessment
code values were reflective of average risks to the envi-
ronment for these metals in most samples. On average,
41.7 % of total Pb of the study sites was either adsorbed,
exchangeable, or carbonate bound and, therefore, comes
under the high risk category to local environment and can
easily enter into the food chain. Sirt and Abu Kammash
showed higher GCF than other sites indicating higher
environmental risk. Information of this study constitute a
baseline of metal fractionation in sediments along the
Libyan Mediterranean coast and should be used as a
reference for future studies on the changes of labile and
residual metal fractions over time.

Compliance with ethical standards This paper complies
with the ethical standards.
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