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Abstract The purpose of the present study is to assess the
level and distribution of Mg, Co, Cu, Cd, U, Sr, Zn, As, V,
Pb, Ti, Mn, Ba, Ce, Ni, P, Cr, Zr, Hf and Fe in coastal
sediments of Abu Khashaba beach, Rosetta area, Egyptian
Mediterranean coast. The level of pollution was evaluated
using enrichment factor, geoaccumulation index and con-
tamination factor. The results indicated that Abu Khashaba
coastal sediments were extremely enriched and very
strongly polluted with Cd; severely enriched and strongly
polluted with As and Pb, and moderately severely enriched
and polluted with Ni, Co, Sr and Ce. The highest Fe, Ba,
Ce, Ni, Pb, V, Zn, Sr, Co, Cd, U, Cu, Hf, Cr and Zr were
recorded along the shoreline. Fe, Mn, Pb, Co, Cd, Cu and
Cr values in the Abu Khashaba coastal sediments were
much higher than those recorded in the coastal sediments
of the Gulf of Agaba, the Red Sea, the Arabian Gulf and
the Daliao River System of China. The enrichment of Cd,
As, Pb, Ce, Ni in the sediments could be partially attributed
to anthropogenic inputs and also to other already existing
naturally occurring metals.
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Introduction

Metals are introduced into the aquatic system as a result of
weathering of soil and rocks, volcanic eruptions and from a
variety of human activities involving mining, processing
and use of metals and/or substances containing metal
contaminants (Karageorgis et al. 2003; El-Sorogy et al.
2012). The distribution of metals within the aquatic envi-
ronments is governed by complex processes of material
exchange affected by various anthropogenic activities,
water drainage, discharge of urban and industrial wastew-
aters (Leivouri 1998; Carman et al. 2007; Christophoridis
et al. 2009).

Heavy metals are of critical ecological significance due
to their toxicity, resistance to degradation and their con-
sequent tendency to bioaccumulation (Diagomanolin et al.
2004). Trace metal contamination in a marine coastal
environment is related to sources of pollution in the
adjacent estuaries and rivers. Metals are mainly trans-
ported to the marine environment by rivers through
estuaries. In most circumstances, the major contribution
of anthropogenic metals in a marine coastal area is of
terrestrial origin, i.e., from mining, industrial, and urban
developments, and other human practices near rivers and
estuaries (Morton and Blackmore 2001; Carman et al.
2007).

Egypt has about 1050 km of coastline on the
Mediterranean Sea, which is of great environmental,
economic and recreational value. Some of the Egyptian
coastal areas of the Mediterranean Sea (especially in front
of the large cities) receive different types of pollution
sources. The Rosetta black sands are the end products of
the disintegrated materials from igneous and metamorphic
rocks (Dabbour 1980, 1995; Dawod and Abdelnaby
2007). These black sands have been the subject of many
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articles concerning the mineralogy and economics (El-
Miligy and El-Azab 1994; Kaiser et al. 2012; Mahmoud
et al. 2013).

The objectives of this study were: (1) to examine the
spatial variations of the toxic metal concentrations in the
coastal sediments of Abu Khashaba beach, Rosetta area
(Egypt), (2) to use the enrichment factor (EF), the
geoaccumulation index (Igeo), and the contamination
factor (CF), to evaluate the level of anthropogenic par-
ticipation in the pollution caused by toxic metals in the
area.

Material and methods
Study area

Abu Khashaba beach area is located in the north-west of
the Nile delta along the Mediterranean coast as a part of
Rosetta city, between longitudes 30°21'-30°28'E and lati-
tudes 31°26'-31°29’N (Fig. 1). It is located northeast of
Abu Khashaba village, east of Rosetta and bounded by the
Mediterranean Sea shoreline from the north. Abu-Kha-
shaba beach area is an open area, nearly flat, very gently
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Fig. 1 Location map of the Abu Khashaba coastline and the locations of sediment samples along the coast
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Fig. 2 Field photo shows a flat coastal plain at Abu Khashaba area

dipping to north and occupied mainly by sabkha. The study
area is characterized by a low relief mainly below 2 m
above sea level, and slope gently from south to north
(Fig. 2). Geomorphologically, it is represented by a flat
coastal plain dissected by some hummocky sand dunes in
the south. The beach face slope increases from zero near
the Rosetta mouth and becomes relatively steeper east-
wards where it reaches about 15° at a distance of about
20 km from the mouth (Frihy et al. 2008).

The beach deposits are composed of loose fine sands
with a considerable amount of heavy minerals. The sand
particles are composed of quartz, feldspars and mafic
minerals with specific gravities between 2.65 and more
than 5 gm/cm®. The heavy minerals of the black sands are
ilmenite, magnetite, zircon, garnet, rutile, and monazite.
The black sands also contain traces of gold, cassiterite,
beryl, chromite, corundum, apatite, collophane, uranoth-
orite and gangue minerals. The latter include hornblende,
actinolite, augite, hedenbergite, hypersthene, enstatite and
minor amounts of biotite, epidote, staurolite, sphene,
tourmaline, sillimanite and olivine (Frihy and Lotfy 1994;
Mange and Wright 2007).

Sampling and analytical methods

30 sediment samples were collected from the coastal area
through three profiles parallel to the beach (Fig. 1). Sam-
ples were analyzed for Mg, Co, Cu, Cd, U, Sr, Zn, As, V,
Pb, Ti, Mn, Ba, Ce, Ni, P, Cr, Zr, Hf and Fe using ICP-MS
(Inductively Coupled Plasma-Mass Spectrometer): Nex-
ION 300D (Perkin Elmer, USA) in Central Laboratory for
Elemental and Isotopic Analysis, Nuclear Research Center,
Atomic Energy Authority, Egypt (Fig. 1; Table 1). The
samples were stored in a clean polyethylene bags until
metals analysis was performed. The grain-size distribution
of desalted sediments was determined by wet sieving of
sand and gravel and by the pipette technique for silt and
clay fractions (Cheremisinoff 2002). The sediment samples

were prepared by drying in an oven at 115 °C, mechani-
cally cursed, sieved through a 200 mesh sieve and accu-
rately weighing around 100 mg of samples into a dry and
clean Teflon microwave digestion vessels. 2 ml of HNO3,
6 ml HCI and 2 ml HF were added to the vessels. Samples
were digested by using a scientific microwave (Model
Milestone Ethos 1600). The resulting digest was trans-
ferred to a 15 ml plastic volumetric tube and made up to
mark using deionized water. A blank digest was carried out
in the same way. The Statistical Program for Social Sci-
ences (SPSS program) was used for Pearson’s correlation
coefficients matrix.

Estimation of pollutant indicators

The anthropogenic contribution of the selected trace ele-
ments in marine sediments can be estimated from the metal
enrichment relative to unpolluted reference materials or
widely accepted background (pre-industrial) levels. For
calculation of pollutant indicators of toxic metal pollution
in the surface sediments of the Abu Khashaba beach, the
following factors were taken into consideration.

Enrichment factor

This method is proposed by Sinex and Helz (1981) to
estimates the anthropogenic impact on sediments calcu-
lating the EF, which uses a normalization element (Al or
Fe) to alleviate the variations produced by heterogeneous
sediments. Since the sediments of Abu Khashaba beach are
rich in iron content, this element was selected to normalize
the data as normalization factor. It is mathematically
expressed as:

EF = (M/Fe) sample/(M/Fe) background

where (M/Fe) sample is the ratio of metal and Fe con-
centrations in the sample, and (M/Fe) crust is the ratio of
metal and Fe concentrations in the Earth’s crust. The EF is
a good tool to differentiate between the anthropogenic and
natural sources of metals in environmental samples (Sel-
varaj et al. 2004; Adamo et al. 2005; Hung et al. 2009;
Fang and Chen 2010).

Geoaccumulation index

The geoaccumulation index (Igeo) is a common criterion
used for evaluating the trace metal pollution in sediments
(Leopold et al. 2008). It was originally introduced for
bottom sediments by Muller (1979) (Abrahim and Parker
2002; Hahladakis et al. 2013), where trace metal contam-
ination in sediments was determined by comparing their
current concentration levels with those from preindustrial
times using the following equation:
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Igeo = Log,(Cn/(1.5 x Bn))

where Cn is the measured concentration of metal (n) in the
sediments, Bn is the geochemical background concentra-
tion of the metal (n) in shale (Turekian and Wedepohl
1961), and 1.5 is introduced to minimize the effects of
possible variations in the background values which may be
attributed to lithologic variations in the sediments (Stoffers
et al. 1986; Abrahim and Parker 2008).

Contamination factor (CF)

The contamination factor was also used to assess the level
of contamination and the possible anthropogenic impact of
contaminants in sediments (Singh et al. 2002; Gonzales-
Macias et al. 2006; Farkas et al. 2007; Cevik et al. 2009).
To describe the contamination of a given toxic substance in
a basin, Hokanson (1980) proposed the CF, which is
expressed as;

Cr = Co/Cy

where C, is the sediment metal content in the sample and
Cy, is the normal background value of the metal. The C; was

Fig. 3 Spatial distribution of
Zn (a), Ti (b) and Mn (c¢) as
examples of heavy metals at the
study area
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classified into four groups (Hokanson 1980; Savvides
et al.1995). Cy < 1: low CF; 1 < C; < 3: moderate CF;
3 < Ct < 6: considerable CF; Cy > 6: very high CF.

Results and discussion

Table 1 illustrates the concentrations of 20 heavy metals in
30 surface coastal sediments in Abu Khashaba beach. The
average metal levels are in the following order:
Fe>P>Ba>Ce >Mn>Mg>Ti>Ni>Pb>V >
As >Zn > Sr > Co > Cd > U > Cu > Hf > Zr > Cr. The
following is a brief description of the concentration, spatial
distribution and assessment of metals in the studied beach:

Metal concentrations

Sediment of Abu Khashaba beach is composed of a mix-
ture of coarse sand to sandy mud terrigenous and biogenic
materials. The coastal sediment in the area is mainly
composed of sand (80.12 %), mud constitutes (10.14 %)
and gravel (9.14 %). Terrigenous matters include angular,
subrounded to well-rounded quartz grains. Biogenic

800

600

400

Ti (ng/g)

200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
123 456 7 8 910111213141516 171819 20 21 22 23 24 2526 27 28 29 30

Sample Number

(9]

800

400

Mn (ug/g)

200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
123 456 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Sample Number

500 'MW

0 T—T—T—T—T1

T T T T T T T T T T T T T T T T T T T T T 1
123 456 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Sample Number

@ Springer



398 Page 6 of 11

Environ Earth Sci (2016) 75:398

materials include molluscs, foraminifers, ostracods and sea
grass.

As shown in Table 1, iron was the most abundant major
element in the sediment (44,900-198,100 pg/g), followed
by, phosphorus (1030-2370 pg/g), barium (160-2140 pg/
g), cerium (320-1750 pg/g), manganese (450-640 pg/g),
magnesium  (390-590 pg/g), titanium (320-640 ng/g),
nickel (113.94-894.17 pg/g), lead (214.29-476.45 pg/g),
vanadium (115.15-652.32 pg/g), Arsenic (215.37-399.16
ne/g), zink (53.27-387.91 pg/g), strontium (82.75-175.01
ng/g), cobalt (50.15-89.40 pg/g), cadmium (21.09-36.97
ng/g), uranium (8.96-47.49 pg/g), cupper (7.61-42.66 ng/
2), hafnium (0.22-2.03 pg/g), zirconium (0.104-0.349 pg/
g) and chromium (0.104-0.290 ng/g).

Concerning spatial distribution, all of Fe, Ba, Ce, Ni, Pb,
V, Zn, Sr, Co, Cd, U, Cu, Hf, Cr and Zr showed a signif-
icant decrease in concentrations with increasing distance
from the coast. Table 1 shows that, Fe, for example,
recorded four-times value in sample 4 (close to the coast)
higher than that recorded in sample 28 (away from the
coast). This behavior may suggest a seawater role in metal
concentrations after drifting of beach sediment away. Ti
presents a different behavior showing high concentrations
away from the coast. P, Mn, Mg and As fluctuated without
an obvious general trend (Fig. 3 illustrates examples).

The values of Fe, Mn, Pb, Co, Cd, Cu and Cr in the
present coastal sediments (Table 2) were significantly
higher than those recorded in coastal sediments of the Gulf
of Aqaba (Al-Taani et al. 2014), the Arabian Gulf (Youssef
et al. 2015) and in the estuarine and coastal sediments of
the Daliao River System, China (Lin et al. 2012). Mg, Ti,
and P values were much less than those recorded in Daliao
River System, China.

In general, the average values of Fe, Co, Cd, As and Pb
are much higher than background shale (Turekian and
Wedepohl 1961), continental crust (Taylor 1964) and from
other coastal areas, such as Red Sea, Gulf of Aqaba, Arabia
Gulf, east China coast, Gulf of Finland (Table 2). Cu val-
ues are higher than those reported in coasts of Qatar, UAE,
Oman (de Mora et al. 2004a), the Gulf of Aqaba (Al-Taani
et al. 2014) and Salaam coast, Tanzania (Rumisha et al.
2012). Our Cu values are much less than values reported in
Azerbaijan (de Mora et al. 2004b), the Gulf of Finland
(Vallius et al. 2007) and both of shale and continental crust
backgrounds (Turekian and Wedepohl 1961; Taylor 1964).

The average values of Ti are much less than those reported
in shale and continental crust backgrounds (Turekian and
Wedepohl 1961; Taylor 1964), Daliao River System, China
(Lin et al. 2012) and are much less than those of the Salaam
coast, Tanzania (Rumisha et al. 2012). Mn values (Table 2)
are higher than those reported on the coasts of Qatar, the
UAE, Bahrain, Oman (de Mora et al. 2004a), the Gulf of

@ Springer

Agaba (Al-Taani et al. 2014), Salaam coast of Tanzania
(Rumisha et al. 2012) and are less than those reported in
Daliao River System, China (Lin et al. 2012).

Comparison of the results obtained in this study with
those observed in other Mediterranean countries (Table 2)
indicated that our results were in the range or even lower in
some cases, except for Ni and Cd, which showed higher
concentrations than those in recorded from Tetouan coast,
North of Morocco (Omar et al. 2015), Algeciras Bay, South
of Spain (Diaz-de Alba et al. 2011) and coast of Aliaga,
Turkey (Neser et al. 2012). Omar et al. (2015) attributed
the high concentrations of cadmium and lead in Egyptian,
Turkian and Ionian Mediterranean Sea to the high indus-
trialization of these countries.

Pollutant indicators
Enrichment factor

The Minimum, maximum and average EF values for the
trace metals are presented in Table 3. According to Zhang
and Liu (2002), elements with EF <2 are considered to
entirely originate from the crustal materials or natural
processes, while those elements with EF >2 are most likely
the product of anthropogenic activities. The EF values
estimated in this work were interpreted as suggested by
Birch (2003). EF <1 indicates no enrichment, EF <3 is
minor enrichment, EF = 3-5 is moderate enrichment,
EF = 5-10 is moderately severe enrichment, EF = 10-25
is severe enrichment, EF = 25-50 is very severe enrich-
ment, and EF >50 is extremely severe enrichment.

As shown in Table 3, Cd was the most enriched element
in the studied coastal sediment (24.04-85.33) followed by
As (4.41-22.07), Pb (4.14-18.83), Ce (4.29-7.26), Ni
(1.63-4.44 pg/g) and U (2.03—4.39). The rest elements
have EF <2. Accordingly, the sediment is extremely severe
enrichment with Cd (average EF = 51.57), severe enrich-
ment with As and Pb (12.64 and 10.60, respectively),
moderately severe enrichment with Ce (6.06), moderate
enrichment with Ni (3.16) and minor enrichment with U
(2.84).

The natural sources Fe, P, Ba, Mn, Mg, Ti, V, Zn, Co,
Cu, Hf, Zr and Cr, which have an EF <2, are believed to be
the weathering and decomposition of mountain ranges of
the Sudan and Ethiopia. Egypt’s heavy-mineral sands are
derived from times of flooding at the upper reaches of the
Nile, transported down the river and its tributaries to the
Mediterranean, and concentrated by the sea (Wendorf and
Schild 1976). Eroded alluvial material from the upper
reaches of the river has undergone natural separation and
sorting by rain and wind and dissolution of the soluble
minerals.
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—1.42

4.54
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4.84

70.30
123.23

Geoaccumulation

index

1.17
0.52
1.47
3.39
2.18

1.74
0.76
0.89
5.02
2.75

36

1.66
1.01

1.65
1.27
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0.41
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0.56
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Max.

1

39
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0.24
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0.07
0.14
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0.72
0.29

0.001

16.57

17 095 264 0.28
412 4.71

0.83
0.52

0.

0.53
0.75
0.64

1.68

12.91

0.001

Contamination
factor

0.002 29.66
0.001

0.59 30.70

0.003

Max.

14.10

222 3.62 038 2259

18.80  96.27 1.84 0.002  6.69

Aver.

The anthropogenic sources of Cd, As, Pb, Ce, Ni which
have an EF >2 are believed to a wide range of potential
effects of the coastal ecosystems, particularly from point
and non-point sources of pollution. Storm water runoff
from the hinterland and the sewage input released into the
Nile Delta ecosystem are the main sources of heavy metals
in the studied sediments. The heavy metals produced from
industrial, sewage, irrigation, and urban runoff have
accumulated over a long period of time in the surface
sediment of the area.

Generally the difference in EF values for the different
metals in the studied sediments may be due to the differ-
ence in the magnitude of input for each metal into the
sediment and/or the difference in the removal rate of each
metal from the sediment. Calmano et al. (1990) and
Almasoud et al. (2014) stated that metals can be released
into the water phase when changes occur to its physo-
chemical conditions like pH, redox potential, ionic
strength, and the concentration of organic complexing
agents.

Geoaccumulation index

Muller (1981) determined seven classes of Igeo in sedi-
ments: (1) Igeo < 0 for unpolluted, (2) 0 < Igeo < 1 for
unpolluted to moderately polluted, (3) 1 < Igeo <2 for
moderately polluted, (4) 2 < Igeo < 3 for moderately to
strongly polluted, (5) 3 < Igeo > 4 for strongly polluted,
(6) 4 < Igeo < 5 for strongly to very strongly polluted, and
(7) Igeo > 5 for very strongly polluted conditions.

As shown in Table 3, the sediment is strongly to very
strongly polluted with Cd (4.54-5.10 averaging 4.84),
strongly polluted with As (3.47—4.36 averaging 3.91) and
Pb (2.66-3.46 averaging 3.23), moderately to strongly
polluted with Ce (1.86—4.31 averaging 2.99) and Ni
(0.80-2.86 averaging 2.11), moderately polluted with Co
(0.82-1.65 averaging 1.27) and Sr (0.58-1.66 averaging
1.01), unpolluted to moderately polluted with V (—0.76 to
1.74 averaging 0.76) and Zn (—0.29 to 1.70 averaging
0.72). According to Muller (1981), the studied coastal
sediment is unpolluted with the other elements.

Contamination factor (CF)

The CF values for the trace metals are shown in Table 3.
According to Hokanson (1980), the sediments are very
highly contaminated with Cd (70.30-123.23 averaging
96.27), As (16.57-30.70 averaging 22.59), Pb (10.72-23.57
averaging 18.80), Ni (1.68-12.91 averaging 6.69), Ce
(5.42-29.66 averaging 14.10); considerably contaminated
with Co (2.64-4.71 averaging 3.62); moderately contami-
nated with Fe (0.95-4.12 averaging 2.22), P (1.47-3.39
averaging 2.18), Ba (0.28-3.69 averaging 1.39),
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V (0.89-5.02 averaging 2.75), Zn (0.56-4.08 averaging
1.84). The sediment has low contamination with Mg, Ti,
Mn, Cr, Sr, Zr, Cu, Hf and U (Table 3).

Correlation analysis

In order to establish the relations between elements in Abu
Khashaba coastal sediments Pearson correlation coeffi-
cients were calculated with the normalized data. As shown
in Table 4, most of the analyzed metals were correlated
positively with each other. However, As and Pb do not
show correlation with any other element (except Mn, Cu
and Cd for the former and Cu for the later) while Ti shows
a negative correlation with all elements.

The gathering metals agents Fe and Mn are well asso-
ciated will each other (» = 0.827) and each shows positive
association with Al (r = 0.492 and 0.337, respectively),
referring to be all originated from same source. Both Cu
and Zn are well associated with each other (r = 0.798).
Each shows good association with the essential compo-
nents of the sediments Fe and Mn rather than Al. Zinc is
associated with Al while Cu shows no significant rela-
tionship with Al. Each of Cd and U are well associated will
each other (r = 0.807) and each shows positive association
with Fe, Mg, Mn, Ba, Ce, V, Cr, Ni, Sr, Zr, Zn, Cu, Co. Pb
shows to be well associated with Cu (r = 0.665) and no
significant relationship and negative relation with the other
elements (Table 4).

Conclusions

The coastal sediments collected from the Rosetta area have
shown average metal levels in the following order:
Fe>P>Ba>Ce> Mn>Mg>Ti>Ni>Pb>V>
As >7n > Sr > Co > Cd > U > Cu > Hf > Zr > Cr. The
EF indicated an extremely severe enrichment of Cd, severe
enrichment of As and Pb, moderately severe enrichment of
Ce, moderate enrichment of Ni and minor enrichment of U
and consequently these toxic metals could be attributed to
anthropogenic inputs. The pollutant indicators of the other
metals suggested a natural source.

The GI indicated that the studied sediments are
strongly to very strongly polluted with Cd, strongly pol-
luted with Pb and As, moderately to strongly polluted
with Ni and Ce, moderately polluted with Co and Sr and
unpolluted to moderately polluted with Zn and V. The CF
indicated that the sediments are very highly contaminated
with Cd, As, Pb, Ni and Ce, considerably contaminated
with Co, moderately contaminated with Fe, P, Ba, V and
Zn and have low contamination with Mg, Ti, Mn, Cr, Sr,
Zr, Cu, Hf and U.

@ Springer
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