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Abstract Environmental pollution caused by lead and vanadium is almost entirely due to indus-

trial activities, such as the production of steel, pigments, photographic materials and insecticides.

The concentration and chemical speciation of Pb and V were studied in surface sediments from 11

stations off Nile River Delta. Sequential extraction technique was applied to assess the four

(exchangeable, acid-reducible, oxidizable-organic and residual) fractions in surface sediment, also

to obtain an overall classification of lead and vanadium pollution in this area through its spatial

distribution. This investigation was the first study on the basis of the chemical speciation of Pb

and V in surface sediments off Nile Delta.

The total concentrations of metals were ranged (22.8–41.3 lg g�1) for Pb and (66.6–142.5 lg g�1)
for V. The chemical speciation in most sampling stations was in the order of Residual > acid-reduc-

ible > oxidizable-organic > exchangeable for Pb and in the order of Residual > oxidizable-

organic > exchangeable > acid-reducible for V. The results showed that the Pb in surface sedi-

ments off Nile River Delta existed in the nonresistant fractions while vanadium existed in the resis-

tant fractions. The degree of surface sediments contamination was determined for individual

contamination factors (ICF) and global contamination factor (GCF). The result of ICF and

GCF values showed that those stations located in the vicinity of municipal area (especially Lake

Burullus outlet) had high potential risk to fauna and flora of study area. Risk assessment code

(RAC) analysis indicated that although Pb presented a moderate overall risk to the aquatic environ-

ment, vanadium showed a low risk (RAC < 10%) at six sites.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The densely populated highly industrialized areas characterize
the delta coasts of the world. This has discharged a large quan-
tity of wastewaters into the river estuaries, leading to severe

pollution of the wetlands. Heavy metals of anthropogenic ori-
gin are considered as serious inorganic pollutants because of
their toxic effects on life in aquatic system, which are able to

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2012.06.001&domain=pdf
mailto:mahaahmed7@ymail.com
mailto:mahaahmed001@    Yahoo.com
mailto:mahaahmed001@    Yahoo.com
http://dx.doi.org/10.1016/j.arabjc.2012.06.001
http://dx.doi.org/10.1016/j.arabjc.2012.06.001
http://www.sciencedirect.com/science/journal/18785352
http://dx.doi.org/10.1016/j.arabjc.2012.06.001


Figure 1 Location of sampling sites in Nile delta Estuary.
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transfer hierarchically into human society through the food
chain, and some of which, under certain circumstances, can
be further transformed into more toxic compounds. Analyses

of spatial and temporal distribution of heavy metals in the del-
ta coasts’ sediments are useful to recognize the degradation
processes of wetlands and trace sources of pollutants for better

environmental assessment and management (Alloway and
Ayres, 1993).

The Nile Delta is a fragile environment since it is subjected

to erosion of its shores as a result of cease of sediment supply
resulting from the construction of the High Dam at Aswan.
After the construction of the High Dam no fresh water reaches
the sea and the shelf is covered by typical Mediterranean water

with salinity approaching 39&. In addition, the transport of
sediment to the Mediterranean shelf off the Nile Delta dimin-
ished as a result of damming the river. Both Rosetta and Dam-

ietta Cones are covered with mud and sandy mud that also
cover the shore face around the main river mouths. Off the del-
ta, the mud and sands of the inner and middle shelves contain

very little biogenic carbonate (Rifaat, 2005).
Sediments are important sinks for various pollutants like

pesticides and heavy metals and also play a significant role

in the remobilization of contaminants in aquatic systems under
favorable conditions (Ikem et al., 2003). Much concern has
been focused on the investigation of the total metal contents
in sediments. However, it cannot provide sufficient informa-

tion about mobility, bioavailability and toxicity of metals.
The speciation of metals in sediments is therefore a critical fac-
tor in assessing the potential environmental impacts (Yuan

et al., 2004). Chemical speciation can be defined as the process
of identification and quantification of different species, forms
or phases of chemicals present in a material.

The form of metal in sediments (distribution among sub-
strates) is important in determining metal ecotoxicological risk
to biota. In this study, the procedure of sequential extraction

technique consists of four (exchangeable, acid-reducible, oxi-
dizable-organic and residual) fractions. This technique was ap-
plied to identify the amount of lithogenic metals in contrast
with natural origin and can provide information about the

identification of the main binding sites and the phase associa-
tions of trace elements in sediment. This could help us to
understand the geochemical processes governing heavy metal

mobilization and potential risks induced (Yuan et al., 2004).
To indicate the degree of risk of heavy metals to environ-

ment in relation with its retention time, the risk assessment

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 contaminated sediments, because,

as mentioned before, metals are bound to both different sedi-
ment fractions and with different bonding strengths, with the
latter influencing the bioavailability of the metal in the envi-

ronment (Badri and Aston, 1983).
Some studies were made on heavy metals in the two Nile

branches and some others on the Egyptian coastal Mediterra-

nean waters. This study, presents the distributions of the trace
metals Pb and V in surface sediments of Nile Delta coast in
Mediterranean Sea, north of Egypt in order to provide preli-

minary baseline data for control of pollution in this area and
to appraise their anthropogenic discharge. The interpretation
of results was based on the reduction of metal bioavailability
or mobility at each successive extraction step. The first three
fractions contained the most labile metals and the residual
fraction the least bioavailable/mobile metals. The RAC was
determined for each metal.

2. Materials and methods

2.1. Study area

Egyptian Mediterranean coast off Nile Delta is one of the most

important estuaries in Mediterranean Sea (Fig. 1). It has
approximately 132.83 km (82.54 miles) that extends from
Damietta estuary to Rosetta estuary. The field work studies re-

vealed that this area receives discharge from industrial area
and urban area (e.g., fish farms) as well as agricultural activi-
ties (e.g., fertilizers and pesticides) from the two Nile branches

in addition to the Lake Burullus outfall. Surface sediment sam-
ples were collected from 11 sites between January and April
2010 in four perpendicular sectors along the Nile Delta coast
representing the sediment between the two Nile estuaries

(Fig. 1).

2.2. Sampling

Surface sediment samples were collected from these sites be-
tween January and April 2010 in four perpendicular sectors
along the Nile Delta coast representing the sediments off the

two Nile estuaries and off Burullus Lake (Fig. 1). Three sam-
ples were collected from Sector (1) off Rosetta Branch at dis-
tances of 10, 30 and 50 m from the coast line; two samples

were collected from each of sector (2) and sector (3) at Abu
Khashba area and off the outfall of Burullus Lake respectively
at distances 10 and 30 m. Finally four samples were collected
from sector (4) off Damietta Branch at distances 10, 30, 50

and 100 m. The VanVeen Grab sampler was used to collect a
large amount of surface sediments; the samples (0–5 cm) were
collected by using a clean plastic spoon to avoid



Table 1 Sequential extraction technique.

Extraction

step

Reagent(s) and time Target phase (s)

1 NH4CH3COO 1 mol/L pH= 7 Exchangeable

2 NH2OH.HCl 0.25 mol/L pH= 2 Acid-reducible

3 H2O2 (30%), NH4CH3COO 1

mol/L pH= 2

Oxidizable-organic

4 NHO3 (65%), HCLO4

(70%), HF

Resistant

Table 2 Metals extracted from standard reference material

(TM 23.2 and BCSS-1, n= 3).

Concentration V (TM 23.2) Pb (BCSS-1)

Metalsa extracted 2.40 ± 0.6 22.70 ± 1.2

Metalsbextracted 2.13 ± 0.4 20.30 ± 1.8

Recovery% 88.7 89.4

a Certified values corresponding to the total extraction of metals

from the standard reference material (TM 23.2 and BCSS-1).
b Values of the metals extracted from the standard reference

material TM 23.2 and BCSS-1 in this study.
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contamination by the metallic parts of the sampler. The
surface sediment samples were placed in polyethylene plastic
bag and labeled and then kept in an ice box. In laboratory they

were stored frozen at 4 �C until analysis. Unfixed samples for
assessment were dried at 85 �C for 48 h in forced air oven, and
were subsequently ground in an agate mortar, homogenized

and sieved through 63 lm mesh size, and kept in an acid-
washed container for future use.

2.3. Sequential extraction

Chemical speciation of Pb and V in surface sediments was ana-
lyzed by using the sequential extraction technique (Table 1)

(Badri and Aston, 1983; Yap et al., 2002).

(1) Step 1: Easily, freely or leachable and exchangeable
(EFLE).

(2) Step 2: Acid-reducible fraction (metals associated with
oxides of Fe and Mn) (the residue from step1)

(3) Step 3: Oxidizable-organic (oxidizable fraction––metals

associated with organic matter and sulfides) (the residue
from step2)

(4) Step 4: Resistant (metals strongly associated with the

crystalline structure of minerals) (the residue from
step 3)

The residue of each step was rinsed with 20 ml double-dis-

tilled water (DDW) and filtered through Whatman� No.1
filter paper into precleaned 100 ml volumetric flasks. The
supernatant liquid of each fractions after filtration were stored

for metal determination, except fraction 1 that is sensitive and
must be analyzed immediately.

2.4. Determination of trace metal concentrations

Metal concentrations in the extracts obtained at each step were
determined using an air-acetylene flame atomic absorption

spectrophotometer SHIMADZU (Model AA-6800), D2 back-
ground correction and autosampler. All absorbance readings
were made in triplicate. Instrument settings were as recom-
mended in the manufacturer’s manual, with wavelengths

(nm) of 283.31 and 309.31 for (Pb) and (V) respectively.

2.5. Statistical analysis

All statistical analyses were computed by using Package for
Social Science (SPSS) version 16. The graphs were performed
with Microsoft Excel for Windows.
The accuracy of the analytical method was verified using a
triplicate analysis of a certified reference material (BCSS-1)
from the National Research Council of Canada and TM

23.2 for Pb and V respectively (Table 2). The recovery percent-
age values for the two metals were between 88.7% for V and
81% to 89.4% for Pb.

2.6. Risk assessment code (RAC)

The risk assessment code, defined as the fraction of metal

exchangeable and/or associated with carbonates (% F1), was
determined for the two trace metals, and the values are
interpreted in accordance with the RAC classifications. This

classification is described by Perin et al. (1985).

3. Results and discussion

Chemical fractionation differentiates metals of natural origin
from those derived from anthropogenic sources. Elevated
concentrations of metals in the residual fraction indicate that
sediments are relatively unpolluted, and that the elements de-

rive mainly from lithogenic origins. Anthropogenic metals
are predominantly found in the most labile sediment fractions,
which are vulnerable to small changes in environmental condi-

tions, such as those caused by human activity (Alves et al.,
2007).

3.1. Lead speciation

The mean Pb concentrations of four chemical speciation frac-
tions for each sampling station are shown in Table 3. The total

Pb concentration ranged from 22.87 to 41.32 lg g�1 in stations
11 and 9, respectively off Damietta branch of Nile River. The
EFLE fraction for Pb ranged from 2.61 to 11.41 lg g�1 with
mean percentage of 14.6%. The acid-reducible fraction ranged

from 2.93 to 17.17 lg g�1 with mean percentage of 22%. The
oxidizable-organic fraction ranged from 2.07 to 10.21 lg g�1

with mean percentage of 46.9%. The resistant fraction ranged

from 10.32 to 21.46 lg g�1 with mean percentage of 16.5%.
The mathematical summation of EFLE, acid-reducible and
oxidizable organic fractions constitutes the nonresistant frac-

tion (non-lithogenous) (Badri and Aston, 1983). The compar-
ison among resistant and nonresistant fractions of Pb in each
sampling station of the surface sediment off Nile Delta is

shown in Table 5 and Fig. 2.
The main speciation of Pb in the surface sediments off Nile

Delta was in the order of residual > acid-reducible > oxidiz-
able organic > exchangeable. The nonresistant fractions ran-



Table 3 Sequential chemical concentration of Pb (lg/g d.w ± SD; (n= 3)) in surface sediments off Nile River Delta.

Area Site Exchangeable F1 Acid-reducible-F2 Oxidizable-organic F3 Residual Total RF1 + F3 + F3 (%)

Rosetta 1 3.18 ± 0.2 3.31 ± 0.3 6.62 ± 1.9 16.71 ± 2.2 29.82 43.9

2 3.69 ± 0.8 5.54 ± 1.0 10.21 ± 2.2 15.40 ± 2.3 34.93 55.6

3 3.69 ± 0.8 6.19 ± 1.3 5.43 ± 2.0 21.46 ± 2.1 36.77 41.6

Abu 4 11.41 ± 1.7 5.43 ± 1.7 4.02 ± 1.5 14.81 ± 2.6 35.67 58.5

Khashba 5 4.67 ± 1.1 4.67 ± 1.1 5.65 ± 2.1 12.23 ± 2.0 27.22 42.0

Burullus 6 3.15 ± 0.6 17.17 ± 2.5 8.26 ± 2.0 10.32 ± 2.0 38.90 73.5

7 3.80 ± 1.0 15.54 ± 1.8 4.67 ± 1.6 14.94 ± 1.8 38.95 61.6

Damietta 8 7.39 ± 1.4 2.28 ± 0.9 5.87 ± 2.0 18.20 ± 2.1 33.74 46.1

9 6.95 ± 1.8 13.69 ± 2.2 2.07 ± 1.0 18.61 ± 2.5 41.32 54.9

10 2.61 ± 0.7 2.93 ± 0.9 4.89 ± 2.0 19.83 ± 2.4 30.26 34.5

11 3.69 ± 1.2 4.78 ± 1.1 3.26 ± 1.4 11.14 ± 2.1 22.87 51.3

Mean % 14.6 22.0 16.5 46.9 51.2

Table 4 Sequential chemical concentration of vanadium (lg/g d.w ± SD; (n = 3)) in surface sediments off Nile River Delta.

Area Site Exchangeable F1 Acid-reducible-F2 Oxidizable-organic F3 Residual Total RF1 + F3 + F3 (%)

Rosetta 1 N.D 12.33 ± 2.1 N.D 70.64 ± 4.7 82.97 14.8

2 N.D 5.22 ± 2.2 N.D 78.51 ± 5.5 83.73 6.2

3 12.30 ± 1.9 1.73 ± 0.8 8.74 ± 2.4 78.51 ± 7.1 101.28 22.5

Abu 4 10.52 ± 2.1 N.D 38.43 ± 3.6 83.86 ± 3.0 132.81 36.8

Khashba 5 6.97 ± 1.8 N.D 44.34 ± 4.1 75.87 ± 4.5 127.18 40.3

Burullus 6 6.97 ± 2.0 N.D 8.74 ± 2.6 57.91 ± 4.8 73.62 21.3

7 12.30 ± 2.1 N.D 89.58 ± 6.1 52.94 ± 2.7 154.82 65.8

Damietta 8 6.96 ± 2.6 N.D 36.49 ± 3.6 81.17 ± 3.7 124.62 34.8

9 6.94 ± 1.8 N.D 34.56 ± 3.1 60.42 ± 3.2 101.92 40.7

10 8.74 ± 1.6 N.D 32.64 ± 3.9 75.87 ± 2.9 117.25 35.3

11 14.10 ± 1.9 N.D 32.63 ± 5.2 43.20 ± 3.0 89.93 52.0

Mean % 7.2 1.6 27.4 63.8 33.7
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ged from 34.5% to 73.5% in stations 10 and 6 respectively with
mean value of 52.4% (Table 5).

On the basis of the above statement, the Pb concentration
in most sampling stations was dominated by the resistant frac-
tion. Stations (2, 4, 5, 6, 7, 8, 9 and 11) showed that the con-

centration of nonresistant fraction was greater than resistant
fraction. The resistant fraction of this metal in sediments was
probably due to natural sources such as chemical weathering

of igneous and metamorphic rocks, as well as decomposition
of biota detritus (Badri and Aston, 1983).

Considering that bioavailability is related to solubility, then
metal bioavailability decreases in the order of exchangeable

forms > acid reduction forms > organic forms > residual
forms (Xiangdong et al., 2000).

The residual phase represents metals largely embedded in

the crystal lattice of the sediment fraction and should not be
available for remobilization or dissociation except under very
hard condition (Yuan et al., 2004). The exchangeable (EFLE)

step found in the present study ranged from 8.1% to 32.0%.
This fraction presents a high bioavailability of the associated
metals because metal adsorption is related to changes in the io-
nic composition of the water, which may affect the processes of

adsorption–desorption and the mobility of metals on the
ground and it has great adverse effect on the aquatic environ-
ment in comparison to other fractions (Fuentes et al., 2008).

The high percentage of acid-reducible fraction of Pb
(6.8–44.1%) with other nonresistant fractions determined that
the affinity for this metal in the acid-reducible fraction of the
surface sediments was high. The acid-reducible fraction in-
cludes metals associated with manganese and iron oxides and

hydroxides and possibly also with carbonates. Iron and man-
ganese-oxides bind the trace metals since they have high scav-
enging efficiencies for trace metals from solution through

processes such as adsorption and co-precipitation. The study
area receives inputs of urban and industrial effluents; hence,
the significant amount of Pb present in the most bioavailable

fraction is likely to be due to the presence of anthropogenic
material.
3.2. Vanadium speciation

The mean V concentrations and percentage of four chemical
speciation fractions for each sampling station are listed in Ta-
ble 4. The total V concentration ranged from 73.6 to

154.8 lg g�1 in stations 6 and 7, respectively off Burullus Lake
outfall. The EFLE fraction for V ranged from not detectable
to 14.1 lg g�1 with mean percentage of 7.2%. The acid-reduc-

ible fraction ranged from not detectable to 12.33 lg g�1 with
mean percentage of 1.6%. The oxidizable-organic fraction
ranged from not detectable to 89.58 lg g�1 with mean percent-

age of 63.8%. The resistant fraction ranged from 43.2 to
83.86 lg g�1with mean percentage of 27.4%.

The comparison among resistant and nonresistant fractions
of V in each sampling station of the surface sediments off Nile

delta is shown in Fig. 3 and Table 5. The speciation of V in the



Table 5 Comparison of non-resistant (anthropogenic) and resistant (natural) percentage (%) of Pb and V in surface sediments off

Nile River Delta.

Site Pb V GCF

Non resistant percentage Resistant percentage ICF Non resistant percentage Resistant percentage ICF

1 44.0 56.0 0.78 14.9 85.1 0.17 0.95

2 55.7 44.3 1.25 6.2 93.8 0.06 1.31

3 41.6 58.4 0.71 22.5 77.5 0.29 1.0

4 58.5 41.5 1.41 36.9 63.1 0.58 1.99

5 55.1 44.9 1.23 40.3 59.7 0.67 1.90

6 73.5 26.5 2.77 21.3 78.7 0.27 3.04

7 61.6 38.4 1.60 65.8 34.2 1.92 3.52

8 46.1 53.9 0.86 34.9 65.1 0.53 1.39

9 55.0 45.0 1.22 40.7 59.3 0.68 1.90

10 34.5 65.5 0.52 35.3 64.7 0.55 1.07

11 51.3 48.7 1.05 52.0 48.0 1.08 2.13

Mean 52.4 47.6 1.22 33.7 66.3 0.62 1.83

Figure 2 Extraction percentage of Pb in sampling sites off Nile Delta sediments.
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surface sediments off Nile Delta was in the order of resid-
ual > oxidizable-organic > exchangeable acid reducible. The

nonresistant fractions ranged from 6.2% in station 2 and
65.8% in station 7 with mean value of 33.7%. Among the non-
resistant fractions, EFLE, acid-reducible and oxidizable-or-

ganic constituted 7.2%, 1.6% and 27.4%, respectively.
Higher percentage of V in oxidation-organic fraction may be
related to different types of organic matter discharged from
direct influx of domestic wastes and insufficiently treated

industrial wastes in vicinity of the two branches of Nile River,
as has been reported in other studies (Cuong and Obbard,
2006; Hanson et al., 1993) stated that nonresistant steps are

closely related to the anthropogenic origin.
On the basis of above statement, the V concentration in

most sampling stations was dominated by the resistant step.

The nonresistant fractions (the sum of fractions 1, 2 and 3)
are potentially toxic for organisms because it is easily removed
and used by organisms (fraction 1), while fractions 2 and 3 can

be solubilized depending upon physical and chemical parame-
ters, such as oxygen content, redox potential changes, and bac-
terial activity (Ramirez et al., 2005; Yap et al., 2006).
Vanadium showed highest contents (27.4%) in the oxidiz-
able fraction. This metal is strongly complexed in sediments,

and is released following degradation of the organic matter
or oxidation of sulfides to sulfates. The observed behavior
was probably due to the affinity of the metal for the OM pres-

ent in water, given the high anthropogenic loadings in the
study region (Alves et al., 2007). Reports in the literature for
regions where there are high inputs from human activity are
indicative of the presence of significant percentages of V in this

sediment fraction.
3.3. Definition of natural and anthropogenic sources

In regions where there are heavy anthropogenic inputs, signif-
icant proportions of trace metals have been found in the first
three extraction fractions (soluble in acid, associated with Fe

and Mn oxides, and associated with organic matter and
sulfides) (Passos et al., 2010), indicating that the sediments
were polluted. Meanwhile, different relative behaviors of the

metals in the different phases (carbonates, Fe and Mn oxides,
OM and sulfides) are probably reflective of different origins of



Figure 3 Extraction percentage of V in sampling sites off Nile Delta sediments.
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pollution. Regions where the metals are weakly associated with

sediments, and show an affinity for carbonate, have experi-
enced more recent pollution. Locations where metals are
significantly associated with the oxidizable or reducible sedi-

ment fractions are influenced by pollution that is less recent.
Considering the percentage of metals extracted in the most
labile fractions (F1 + F2 + F3), the order of mobility (from
most to least bioavailable) was: Pb (51%) > V (33.7%)

(Tables 2 and 3).
Pb showed the greatest amount in the bioavailable frac-

tions, while V showed lower percentages in the labile fractions.

It has been found previously that V is weakly adsorbed
(retained on the sediment surface by weak electrostatic interac-
tion), that the oxides of Fe and Mn are important scavengers

of Pb (Li et al., 2007; Pertsemli and Voutsa, 2007) the refining
activities in the Bay are an important source of V inputs (FAO,
1992).

3.4. Contamination assessment

3.4.1. Individual and global contamination factor

The determination of contamination factor of heavy metals is
an important aspect that indicates the degree of risk of heavy
metals to environment in relation with its retention time (Ne-

mati et al., 2009). The individual contamination factors
(ICF) for the various sampling sites were calculated from the
result of the fractionation study by dividing the sum of the first

three extractions (i.e. exchangeable, acid-reducible and oxidiz-
able-organic forms) by the residual fraction for each site
(Table 5). The global contamination factor (GCF) for each site
was calculated by summing the ICF for Cd and Zn obtained

for a site (Ikem et al., 2003). The ICF and GCF were com-
puted for each station as per the following equation:

ICF metal ¼ C nonresistant

Cresestant

GCF ¼
Xn

i¼1
CFi

The highest level of individual contamination factor for Pb

was analyzed at site 6 (off Burullus Lake) with a value of
2.769, while the lowest level of it was analyzed at site 10 with
a value of 0.526 (off Damietta branch). The highest level of
individual contamination factor for V was computed at site 7

(off Burullus Lake) with a value of 1.924, while the lowest level
of it was computed at site 2 (off Rosetta branch) with a value
of 0.066. ICF reflects the risk of contamination of a water

body by a pollutant (Ikem et al., 2003). Therefore, highest risks
of Pb and V were computed at sites 6 and 7. Conversely, lowest
risks of them were calculated at Stations 10 and 2. The average

individual contamination factors in the surface sediment of
sampling stations were ranged in the order of Pb > V.

The global contamination factor analyzed from ICF values
showed that sediments located in the vicinity of Burullus Lake

were highly impacted by metal pollutants. The tendency of
trace metals is to accumulate in sediments, contamination
from each source tends to be localized in a hotspot near the in-

put, and then dispersed regionally in lower concentrations
(Luoma and Rainbow, 2008).

Hence, the results obtained in this investigation in accor-

dance with Pb and V showed that those stations, especially
Stations 6 and 7, located in the vicinity of polluted lake had
high potential risk to fauna and flora of River Nile Delta coast

(Table 5). Since there is no guidelines compatible with GCF
value it cannot assay comprehensively the effects of the two
metals contamination.

3.5. Environmental implications

Metals are bound to different sediment fractions, with the
strength of the binding determining their bioavailability and

the risk associated with their presence in aquatic systems.
The risk assessment code (RAC) was determined based on
the percentage of the total metal content that was present in

the first sediment fraction (% F1), where binding is weak
and the metals pose a greater risk to the aquatic environment
(Jain, 2004). When this percentage is less than 1%, the sedi-
ment is of no risk to the aquatic environment. Percentages of

1–10% reflect low risk, 11–30% medium risk, and 31–50%
high risk. Above 50%, the sediment poses a very high risk,
and is considered dangerous, with metals easily able to enter

the food chain (Jain, 2004). Fig. 4 illustrates the results of



Figure 4 Risk assessment code (RAC) for Pb and V in surface sediments off Nile delta.
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the risk factor analysis, with values given as percentages of the

fraction soluble in acid (% F1) for the two trace metals. In
general, the sediments show a low risk for V and low to med-
ium risk for all Pb, with RAC values greater than 11% indicat-

ing a substantial risk of metal mobilization from sediments
across the entire study region. Lead showed a medium to high
risk (RAC > 30%) in sediments from sites 5, 8, 9 and 11.

While site No. 4 shows high risk V it showed a low risk at
all sites (RAC < 10%) except stations 3 and 11 that showed
medium risk (RAC > 10).

Small variations in environmental conditions, such as pH

or salinity, could therefore increase the availability of the
elements to the aquatic system. In an earlier study in the same
region (Chen et al., 2010), it was shown that sediments from

sites 6 and 7, located in area directly influenced by effluent in-
puts from Lake Burullus, were vulnerable to enrichment by
anthropogenic metals. The total content of Pb was indicative

of probable enrichment at these sites, with concentrations
exceeding the natural limit of the region. No contamination
was observed for vanadium; however in the earlier work total
elemental concentrations were used to calculate possible

enrichment. It is acknowledged that the total concentration
of an element only reflects the amount stored in the system,
and do not provide any information concerning the availabil-

ity of the metal.
Similar studies conducted by (Passos et al., 2010; Erol,

2008), using sediments from Poxim river (Brazil) and Nilüfer

Stream (Turkey), highly polluted by contaminants contained
in domestic and industrial effluents, showed that 18% of Pb
were present in the first sediment fraction, resulting in a med-

ium risk to the environment. In work using sediments from the
Egyptian coast of Mediterranean Sea (El-Mex Bay), having
several industrial plants that directly discharge their effluents
into it, (Abdallah, 2007; Abdallah et al., 2007) showed that

Cu and Cd presented a medium risk (10–13%) and could be
readily released to the water column.
4. Conclusion

The sequential extraction technique was applied to identify
the amount of anthropogenic metals in contrast with natural

origin; also it can be used as a valuable tool to provide
information on the mobility, bioavailability and potential

toxicity of trace metals in the environment. The chemical
speciation of Pb and V in majority of stations was in the
order of Residual > acid-reducible > oxidizable-organic >

exchangeable for Pb and in the order of Residual > oxidiz-
able-organic > exchangeable > acid-reducible for V. It
determined that the Pb in Nile River delta coast surface sed-

iments existed in the nonresistant fractions, while V existed
in the resistant fractions (sedimentary matrix). It, therefore,
showed that lithogenic discharge of Pb is greater than V.
Chemical speciation of Pb and V fractions was different

from each other. The mean exchangeable concentration of
Pb and V was less than the rest of the fractions since, this
fraction has adverse effect on the aquatic environment in

contrast with other fractions. It, therefore, reflected the high
and continuous discharge or sufficient time for redistribution
of Pb and V in surface sediments of Nile River delta coast.

Risk assessment code (RAC) values were reflective of aver-
age risks to the environment for the two metals in most
samples. The results suggest that fluctuations in pH or salin-
ity could mobilize the metals from sediments to the water

column. All of the sediment samples presented evidence of
anthropogenic enrichment, so that metal concentrations were
not representative of natural conditions in this estuarine re-

gion. Around 45% of the metal content was present in the
residual fraction, similar to the proportion found for con-
taminated regions worldwide. Although the level of Pb

and V was not extremely enriched in these surface sediments
and did not present a serious threat to the local fauna and
flora, there is a need to reduce anthropogenic sources of pol-

lution in the area.
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