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Abstract An investigation is reported of the de-
gree of metal pollution in the sediments of Kafrain
Dam and the origin of these metals. Fourteen
sampling sites located at Kafrain Dam were cho-
sen for collecting the surface, cutbank, and dam
bank sediment samples. The sediment samples
have been subjected to a total digestion tech-
nique and analyzed by atomic absorption spec-
trometer for metals including Pb, Zn, Cd, Ni,
Co, Cr, Cu, Mn, and Fe. XRD analyses indicate
that the sediments of Kafrain Dam are mainly
composed of calcite, dolomite, quartz, orthoclase,
microcline, kaolinite, and illite reflecting the ge-
ology of the study area. The enrichment factor
(EF) and geoaccumulation index (Igeo) have been
calculated and the relative contamination levels
assessed in the study area. The calculations of Igeo
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are found to be more reliable than of those of EF.
The enrichment of metals in the study area has
been observed to be relatively high. Igeo results
reveal that the study area is not contaminated with
respect to Ni, Co, Cr, Cu, and Mn; moderately
to strongly contaminated with Pb; and strongly
to extremely contaminated with Cd and Zn. The
high contents of Pb, Cd, and Zn in the study
area result from anthropogenic activities in the
catchment area of the dam site. These sources
mainly include the agricultural activities, sewage
discharging from various sources within the study
area (effluent of wastewater treatment plants,
treated and untreated wastewaters, and irrigation
return water), and the several industries located
in the area. Degrees of correlations among the
various metals in the study area are suggested by
the results and the intermetallic relationship.
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Introduction

Pollution associated with metals is a serious problem
due to their toxicity and their ability to accumulate
in the biota. One of the most crucial properties
of metals is that they are not biodegradable in
the environment (Nuremberg 1984; Forstner 1990;
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Harte et al. 1991; Schuurmann and Market 1998).
The levels of metals in aquatic ecosystems have
increased drastically in recent decades as a result
of inputs from anthropogenic activities (Forstner
and Wittmann 1983; Nriagu 1989; Gómez-Parra
et al. 2000).

Sediment quality has been recognized as an
important indicator of water pollution (Larsen
and Jensen 1989) since sediments are the main
sink for various pollutants, including metals dis-
charged into the environment (Williams et al.
1996; Balls et al. 1997; Dassenakis et al. 1997; Tam
and Wong 2000; Bettinetti et al. 2003). Sediments
also play a significant role in the remobilization of
contaminants in aquatic systems under favorable
conditions and in interactions between water and
sediment. Comprehensive methods for identifying
and assessing the severity of sediment contami-
nation have been introduced in order to protect
the aquatic life community (Van de Guchte 1992;
Chapman 2000).

Metals in sediments can be classified, on the
basis of the primary accumulation mechanism, as
adsorptive and exchangeable, bound to carbonate
phases and Fe/Mn oxides, bound to organic mat-
ter and sulfides, and residual metals (Salomons
and Forstner 1984). The adsorption of metals is
influenced by several physical and chemical para-
meters such as pH, oxidative–reductive potential,
dissolved oxygen, organic and inorganic carbon
content, and the presence in the water phase of
some anions and cations that can complex or
co-precipitate the water-dissolved or suspended
pollutants (Izquierdo et al. 1997; Wen and Allen
1999, Zoumis et al. 2001).

The environmental pollution with metals in the
Kafrain Dam in Jordan has not been previously
assessed or investigated, to the best of the authors’
knowledge. Such an investigation is required if the
environmental impacts in the region of the dam
are to be understood quantitatively and qualita-
tively. The main objectives of the current study
are: (1) to determine if sufficiently high concen-
trations of any metals exist in the reservoir of the
Kafrain Dam, such that they can be considered
toxic to the aquatic environment, and (2) to assess
the extent and degree of metals, and the origin of
these metals, using the enrichment factor and the
geoaccumulation index of the metals. The metals

considered of concern in the investigation are Pb,
Zn Cd, Ni, Co, Cr, Cu, Mn, and Fe.

Study area

Water resources in Jordan consist primarily of sur-
face water and groundwater, with treated waste-
water being used for irrigation, mostly in the Jordan
Valley (Mohsen 2007). Over 90% of Jordan, with
a total area of about 88,778 km2, receives less
than 200 mm of annual rainfall. Therefore, several
dams have been constructed in Jordan, includ-
ing the King Talal, the Wadi Al-Arab, and the
Kafrain Dams.

The Kafrain Dam is an earth-fill dam that was
constructed in 1967 at the entrance of the Wadi
Kafrain (Fig. 1) into the Jordan Valley. The height of
the dam is 37 m and the reservoir storage capacity
is about 11 Mm3. The water of the dam is mainly
used for irrigating downstream lands and for
recharging the underlying aquifer (Salameh 1996).

The Wadi Kafrain drains an area west of Amman
with an extent of 189 km2 lying at elevations rang-
ing from 1,200 m above sea level down to areas
lying below sea level in the Jordan Valley. Precip-
itation in the eastern parts of the catchment, aver-
aging 500 mm year−1, may fall in the form of snow,
whereas in the western parts the average reaches
only 150 mm year−1 and falls completely in the
form of rain (Salameh 1996). The average dis-
charge of the Wadi Kafrain is 6.4 × 106 m3 year−1,
consisting of 1.6 × 106 m3 year−1 flood flow and
4.8 × 106 m3 year−1 base flow.

The geological map and cross-section at the
dam axis are shown in Fig. 2. The soil underlying
the dam body consists mainly of thick alluvial
deposits to about a 60 m depth (Malkawi and Al-
Sheriadeh 2000). These deposits are comprised of
poorly sorted silty clay, sandy gravel with occa-
sional lenses of boulders or silty sands of vari-
ous cementation. The geology of the dam site is
mainly composed of limestone, marl, and a mas-
sive crystalline limestone. To the right abutment,
a limestone and marly limestone formation varies
in thickness and dips steeply to the northeast.
The left abutment is composed of a dolomitic
limestone formation. The formation dips to the
northwest.
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Fig. 1 Jordan map showing the location of Kafrain Dam reservoir with sampling sites

Fig. 2 Diagrammatic geological section of Kafrain Dam
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The reservoir area of the Kafrain Dam con-
sists of alluvial deposits underlying bedrock. The
edge of the reservoir area is composed of highly
permeable silty clay. The types of bedrock in the
reservoir area are limestone and marly limestone.
These beds occur on the eastern limb of the north-
south trending anticline. To the northwest of the
reservoir area, a permeable sandstone is exposed
in the core of the anticline; the minimum elevation
of the exposure is approximately 50 m. To the east
of the reservoir area, dolomitic limestone, massive
limestone, chalk, and marl formations in addition
to limestone and marl are the materials of the
bedrock. These formations are partly disrupted
by minor folds and faults. On the valley floor
the bedrock is massive limestone, marl, and marly
limestone. The bedrock looks like a syncline fold
comprised by the two north-south faults. These
faults probably mark the boundary between allu-
vium and bedrock in most places (Salameh 1996;
Malkawi and Al-Sheriadeh 2000).

Materials and methods

Fourteen sampling sites (Fig. 1) located at the
Kafrain Dam were selected for collecting 42 sed-
iment samples. The sediment samples were col-
lected in December 2008. Three sediment samples
were collected from each site. The first is col-
lected from the surface of the dam bottom, the
second from the cutbank on the east side, and
the third from the dam bank of the east side. The
sediment samples were transported to the labora-
tory in polyethylene bags and dried in an oven at
60◦C for 24 h. Different grain size fractions were
selected for the analysis of metals: <2 μm frac-
tion (Müller 1979; Rubio et al. 2000; Abu-Rukah
2001); <63 μm fraction (Calmano and Wellerhaus
1982); <150 μm fraction (Williams et al. 2000);
and <2 mm fraction (Zollmer and Irion 1993). In
the present study, the contamination of sediments
with particle size fractions below 2 μm were inves-
tigated using the pipette method (Gee and Bauder
1986), in which a sample is pipetted at different
times and various depths of the suspension of the
sample in a measuring cylinder. The pipetted sus-
pension is condensed and dried, and the mass ratio
of the pipetted fraction is determined by weighing.

Then, 0.5 g of the pipetted fraction was digested
using 4 ml of HNO3 (65%), 2 ml of HF (40%), and
4 ml of HClO4 (70%). The solution of the digested
samples was analyzed with an atomic absorp-
tion spectrometer (PYE UNICAM SP9) for lead
(Pb), zinc (Zn), cadmium (Cd), nickel (Ni), cobalt
(Co), chromium (Cr), copper (Cu), manganese
(Mn), and iron (Fe). For quality control, all sed-
iment samples were analyzed in triplicate and
mean values were calculated. A blank was also
run at the same time and no detectable conta-
mination was found when aliquots of reagents
were processed and analyzed with the samples.
The absorption wavelength and detection limits of
metals were as follows: 228.8 nm and 0.0006 ppm
for Cd, 240.7 nm and 0.007 ppm for Co, 324.7 nm
and 0.003 ppm for Cu, 248.3 nm and 0.005 ppm for
Fe, 279.5 nm and 0.003 ppm for Mn, 232.0 nm and
0.008 ppm for Ni, 217.0 nm and 0.02 ppm for Pb,
and 213.9 nm and 0.002 ppm for Zn.

The accuracy of the atomic absorption spec-
trometer measurements was assessed by analyzing
the standard reference material NIST, SRM 1646
(estuarine sediment). The calculation of the cor-
relation coefficient was performed using the Sta-
tistical Program for the Social Sciences software
package.

Forty-two sediment samples were ground in an
agate mortar for whole-sample mineralogy analy-
sis using the XRD method. The sample powders
were packed in circular cavity holders and their
XRD patterns were obtained using a Scintag Pad
V diffractometer operated at 45 kV and 40 mA.
The diffraction peaks between 2θ = 2◦ and 2θ =
60◦ were recorded. The peak search for minerals
in the diffraction data was accomplished using
the Diffraction Management System Software for
Windows NT (DMSNT version 1.34). The soft-
ware compares d-spacing and intensity of each
mineral with those of reference mineral standards.

Results and discussion

Mineralogical composition

The XRD examination reveals that the non-clay
mineral constituents of the surface, cutbank, and
dam bank sediments of the Kafrain Dam are
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dolomite, calcite, quartz, orthoclase, and micro-
cline (Fig. 3). Kaolinite and illite are the dominant
clay minerals in the three types of sediments.
The mineralogical composition of the sediments is
reflected by the geology of the study area. The
sediment samples obtained from the surface, cut-
bank, and dam bank exhibit somewhat similar
mineralogical compositions. Calcite and dolomite
are mainly derived from limestone, and the
dolomilitic limestone formation exposed in the
dam site and the reservoir area. Quartz is proba-

Fig. 3 Result of X-ray diffraction at site 11

bly derived from the adjacent Kurnub sandstone
exposed to the northwest of the reservoir area.
Orthoclase is probably derived from the nearby
basalt study area.

Metal levels

Surface sediments

The results showed that Fe has the highest mean
concentration in the surface sediments, followed
by Mn, Cr, Pb, Zn, Ni, Cu, Co, and Cd (Table 1).
A comparison of the metal concentrations in the
surface sediments with the corresponding values
of these metals in the average shale (Turekian and
Wedepohl 1961) reveals that all the sampling sites
of the surface sediments are polluted with Pb, Cd,
Co, and Cr. On the contrary, the locations studied
had Fe concentrations less than those for average
shale, which indicates that there are no major
sources of pollution for Fe in the study area. Fur-
ther, almost all the sampling sites were observed
to exhibit higher Zn and Ni concentrations in the
surface sediments than average shale. The same
behavior is observed for some sites where Cu and
Mn levels are higher than average shale. The aver-
age concentrations of Mn, Fe, Co, Ni, Cu, Zn, Pb,
Cr, and Cd determined in the surface sediments of
Kafrain Dam are higher than those of these metals
in uncontaminated sediments and soils. According
to Bowen (1979), the levels of Mn, Fe, Co, Ni, Cu,
Zn, Pb, Cr, and Cd in uncontaminated sediments
and soils are 550, 26,000, 9.1, 19, 25, 60, 19, 54, and
0.35 ppm, respectively.

Observed metal contents in the surface sed-
iments of the Kafrain Dam are compared in
Table 2 with those of similar studies of dam sed-
iments in other regions in the world. The current
study differentiated between three dam compart-
ments (the surface of the dam bottom, the cut-
bank, and the dam bank), whereas the other studies
focused on the surface sediments. The concen-
tration of Cd in the Kafrain Dam ranked three
out of five studies. The average concentration of
Cd obtained in this study was lower than that of
Pulicat Lake, India (Kamala-Kannan et al. 2007),
and the Seyhan Dam (Cevik et al. 2009). The high
content of Cd observed in these studies is due
to anthropogenic sources including fertilizers and



100 Environ Monit Assess (2011) 178:95–109

Table 1 Average, minimum, maximum, and standard deviation of metal concentrations (ppm) in the surface, cutbank, and
dam bank sediments of the Kafrain Dam

Sampling sites Pb Cd Zn Ni Co Cr Cu Mn Fe

20 0.3 95 68 19 90 45 850 47,000

Surface sediments
1 283 11 89 97 44 100 40 543 25,680
2 69 9 180 101 59 206 47 723 35,310
3 127 11 133 98 102 178 78 851 43,090
4 92 10 110 78 32 124 37 634 30,450
5 109 9 93 72 58 118 24 524 52,950
6 121 8 95 60 76 139 25 674 33,670
7 113 5 124 89 43 151 28 624 34,150
8 92 5 99 61 47 142 35 660 34,600
9 156 13 128 170 62 222 400 1,052 44,820
10 128 10 115 136 84 210 50 834 42,920
11 171 10 91 114 38 149 38 622 30,540
12 142 9 108 109 47 119 37 757 34,930
13 221 51 184 151 80 241 51 1,144 54,610
14 115 8 75 59 36 111 23 513 26,060
Average 138.5 12.1 116 99.6 57.7 157.9 65.2 725.4 37,412.9
Minimum 69 5 75 59 32 100 23 513 25,680
Maximum 283 51 184 170 102 241 400 1,144 54,610
Standard deviation 62.1 11.4 31.6 34.0 22.5 47.3 94.0 185.2 9,046.6

Cutbank sediments
1 75 8 42 60 350 47 18 213 9,100
2 79 7 70 93 37 90 25 492 20,260
3 113 6 65 74 18 75 16 471 18,550
4 155 10 60 90 44 81 27 402 19,220
5 141 11 86 103 38 84 28 517 24,290
6 86 10 60 86 57 50 18 326 16,720
7 78 6 115 77 29 49 24 338 13,520
8 176 10 65 117 42 121 19 427 15,600
9 134 9 58 73 500 112 22 335 16,230
10 147 10 35 99 45 84 12 208 9,500
11 171 9 78 122 42 117 22 424 18,800
12 129 10 57 106 43 114 42 623 23,670
13 133 7 43 60 63 51 10 152 9,450
14 120 10 46 83 43 53 14 220 14,030
Average 124.1 8.8 62.9 88.8 96.5 80.6 21.2 367.7 16,352.9
Minimum 75 6 42 60 18 47 10 152 9,100
Maximum 176 11 115 122 500 121 42 623 24,290
Standard deviation 34.0 1.7 20.6 19.3 142.6 27.6 8.1 136.7 4,900.5

pesticides used in agricultural activities near the
areas of the studies. Concentrations of Cr, Mn,
and Zn are lower than those of these metals in
sediments of the Sehyah Dam and Keban Dam
Lake, Turkey (Cevik et al. 2009; Kulahci and Sen
2008). However, the range of concentrations of
Cu is higher than the corresponding values in the

sediments of the Wadi Al-Arab and Ziqlab Dams
in Jordan, and the Ataturk Dam and the Egbe
Dam in Pakistan (Karadede and Unlu 2000; Abu-
Rukah 2001; Ghrefat and Yusuf 2006; Adefemi
et al. 2007). The concentration of Fe ranked sec-
ond out of seven studies. The average concentra-
tion of Fe was only lower than that of Fe in the
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Table 1 (continued)

Sampling sites Pb Cd Zn Ni Co Cr Cu Mn Fe

20 0.3 95 68 19 90 45 850 47,000

Dam bank sediments
1 146 9 40 50 57 63 27 390 6,100
2 117 12 62 79 36 92 27 362 14,430
3 125 10 55 72 56 68 19 476 16,180
4 128 8 162 30 60 68 13 363 8,670
5 97 9 67 90 69 44 20 388 20,870
6 88 11 39 43 32 39 25 398 10,950
7 34 3 58 74 13 69 25 452 7,310
8 161 8 50 75 61 83 21 509 12,990
9 132 9 62 85 27 113 28 433 19,000
10 193 14 79 143 75 161 29 488 23,230
11 203 31 74 127 74 118 20 621 21,730
12 230 10 43 100 87 117 33 872 24,870
13 73 7 74 112 58 100 21 383 19,550
14 126 9 33 106 600 22 13 614 10,830
Average 132.4 10.7 64.1 84.7 93.2 82.6 22.9 482.1 15,479.3
Minimum 34 3 39 30 13 22 13 362 6,100
Maximum 230 31 162 143 600 161 33 872 24,870
Standard deviation 52.6 6.4 31.6 31.6 147.3 37.2 5.8 140.2 6,179.1

Bold numbers represent the background values of metals in average shale (ppm; Turekian and Wedepohl 1961)

Sehyah Dam (Cevik et al. 2009). Concentrations
of Pb recorded in the present study are higher
than those of Pb in the Ziqlab Dam and the Egbe
Dam (Abu-Rukah 2001; Adefemi et al. 2007).
The concentrations of Co and Ni are lower than
the corresponding values for these metals in the
sediments of the Keban Dam (Kulahci and Sen
2008).

Cutbank sediments

The mean concentrations of metals in the cutbank
sediments are summarized in Table 1. Fe has the
highest mean concentration in the cutbank sedi-
ments, followed by Mn, Pb, Ni, Cr, Zn, Co, and
Cd. The results demonstrate that almost all the
sampling sites have higher Pb and Cd concen-
trations in the cutbank sediments than average
shale. The same behavior is observed for some
sites where Zn, Ni, and Co levels are higher than
in average shale. Cu, Mn, and Fe concentrations at
all the sampling sites were lower than for average
shale, while Cr concentrations are lower in most
of the sampling sites. The average concentrations

of Co, Ni, Cu, Zn, Pb, Cr, Cd, Pb, Cd, and Ni
determined in the cutbank sediments of Kafrain
Dam are higher than those of these metals in
uncontaminated sediments and soils.

Bank sediments

The results showed that Fe has the highest mean
concentration in the bank sediments, followed by
Mn, Pb, Co, Ni, Cr, Zn, Cu, and Cd (Table 1).
All the sampling sites showed higher Pb and Cd
concentrations in the bank sediments than aver-
age shale. The same behavior is observed for some
sites where Ni and Co levels are higher than for
average shale. Cu and Fe concentrations at all the
sampling sites were lower than for average shale,
while Zn and Cr concentrations are lower in most
of the sampling sites. The average concentrations
of Co, Ni, Cu, Zn, Pb, Cr, Cd, Pb, Cd, and Ni
determined in the bank sediments of Kafrain Dam
are higher than those of these metals in unconta-
minated sediments and soils.

Metal distributions in the study area displayed
no systematic trends, varying from one location to
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another (Table 1). The difference in the distribu-
tion and concentration of metals in the sediments
of the Kafrain Dam may be due to a number
of parameters such as clay content, pH, organic
matter content, cation exchange capacity, and iron
and manganese oxides.

Enrichment factor and geoaccumulation index

In the present study, the enrichment factor (EF) is
used to assess the level of contamination and the
possible anthropogenic impact in the sediments of
the Kafrain Dam. To identify anomalous metal
concentrations, the geochemical normalization of
the metal data to a conservative element, such as
Al, Fe, or Si, is employed. Several authors suc-
cessfully used Fe to normalize metal contaminants
(Schiff and Weisberg 1999; Baptista Neto et al.
2000; Mucha et al. 2003; Conrad and Chisholm-
Brause 2004; Cevik et al. 2009; Christophoridis
et al. 2009; Meza-Figueroa et al. 2009; Bhuiyan
et al. 2010; Esen et al. 2010). In the present study,
Fe has been used as a conservative tracer to
differentiate natural from anthropogenic compo-
nents. The EF is defined as follows (Ergin et al.
1991):

EF =

(
M
Fe

)
sample(

M
Fe

)
backgroud

(1)

where
( M

Fe

)
sample is the ratio of metal and Fe con-

centrations of the sample, and
( M

Fe

)
background is the

ratio of metal and Fe concentrations of a back-
ground.

The world average shale and the world average
soil are among the materials often used to provide
background metal levels. The regional geochem-
ical background values for these metals are not
available. Thus, the background concentrations
of Pb, Zn, Cd, Ni, Co, Cr, Cu, Mn, and Fe in
the average shale obtained from Turekian and
Wedepohl (1961) (Table 3) are used in this study.
These values are commonly used as background
values in sediment studies to quantify the extent
and degree of metal pollution (Lopez-Sanchez
et al. 1996; Jones and Turki 1997; Sanchez et al.
1998; Datta and Subramanian 1998; Loska and
Wiechula 2003; Cevik et al. 2009; Nobi et al. 2010).

According to Zhang and Liu (2002), EF val-
ues between 0.5 and 1.5 indicate the metal is en-
tirely from crustal materials or natural processes,
whereas EF values greater than 1.5 suggest that
the sources are more likely to be anthropogenic.
Table 3 shows EF values for Pb, Zn, Cd, Ni, Co,
Cr, Cu, and Mn. The values of EF suggest that
Cd, Pb, Co, Ni, Cr, Zn, Cu, and Mn are from
anthropogenic inputs. The EF values are inter-
preted as the levels of metal pollution suggested
by Chen et al. (2007). Chen et al. suggested that
EF < 1 indicates no enrichment, EF = 1–3 indi-
cates minor enrichment, EF = 3–5 indicates mod-
erate enrichment, EF = 5–10 indicates moderately
severe enrichment, EF = 10–25 indicates severe
enrichment, EF = 25–50 indicates very severe en-
richment, and EF > 50 indicates extremely severe
enrichment. Values of EF are calculated in the

Table 3 Average and standard deviation of metal concentrations and average shale (ppm) (Turekian and Wedepohl 1961),
and enrichment factor values in the surface, cutbank, and dam bank sediments of the Kafrain Dam

Metal Surface sediments Cutbank sediments Dam bank sediments Average

Mean ± SD EF Mean ± SD EF Mean ± SD EF shale

Pb 138.5 ± 62.1 9.25 124.1 ± 34.0 19.32 132.4 ± 52.6 22.38 20
Cd 12.1 ± 11.4 48.15 8.8 ± 1.7 91.14 10.7 ± 6.4 116.12 0.3
Zn 116 ± 31.6 1.58 62.9 ± 20.6 2.01 64.1 ± 31.6 2.50 95
Ni 99.6 ± 34.0 1.93 88.8 ± 19.3 4.11 84.7 ± 31.6 4.17 68
Co 57.7 ± 22.5 3.85 96.5 ± 142.6 18.34 93.2 ± 147.3 18.72 19
Cr 157.9 ± 42.3 2.24 80.6 ± 27.6 2.69 82.6 ± 37.2 3.02 90
Cu 65.2 ± 94.0 1.65 21.2 ± 8.1 1.31 22.9 ± 5.8 1.75 45
Mn 755.4 ± 185.2 1.09 367.7 ± 136.7 1.22 482.1 ± 140.2 1.97 850
Fe 37,412.9 ± 9,046.6 – 16,352.9 ± 4,900.5 – 15,479.3 ± 6,179.1 – 47,000
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current study following the method of Chen et al.
(2007).

The resulting EF values demonstrate that Pb,
Cd, Zn, Ni, Co, Cr, Cu, and Mn are enriched in
the surface, cutbank, and dam bank sediments of
the Kafrain Dam (Table 3). The EF values for
Cd are the highest among the metals and it has
a severe to extremely severe enrichment. The EF
values also indicate that Pb has moderately severe
to severe enrichment, Co has moderately to severe
enrichment, and Ni, Cr, Cu, and Mn have minor
enrichment. The enrichment of metals in the study
area has been observed to be relatively high in
the three types of sediments. All metals in the
dam bank sediments are more enriched compared
to the other types of sediments (Table 3). The
difference in EF values for the different metals in
the dam sediments may be due to the difference
in the magnitude of input for each metal in the
sediment and/or the difference in the removal
rate of each metal from the sediment. Metals can
be released with the water phase when changes
occur in conditions like pH, redox potential, ionic
strength, and the concentration of organic com-
plexing agents (Calmano et al. 1990).

The EF results in the other regions exhibit dif-
ferent degrees of metals enrichment. Ghrefat and
Yusuf (2006) and Cevik et al. (2009) calculated EF
in the same way as in this study, whereas Abu-
Rukah (2001) used a simple metal/normalizer ra-
tio. The values of EF in the Kafrain Dam are
higher than those of EF in the Wadi Al-Arab
Dam. The determined values of EF in the sedi-
ment of Wadi Al-Arab Dam show that Mn and
Cu are derived from the crustal materials, whereas
Zn and Cd are enriched by 3.6 and 30 times, re-
spectively (Ghrefat and Yusuf 2006). The Seyhan
Dam sediments are treated as having a moder-
ately severe enrichment with Cd, while Cr and Mn
have minor enrichments (Cevik et al. 2009). The
sediments of the Ziqlab Dam are enriched with
Pb and Cd by 1.07 and 2.16, respectively, while
Zn, Mn, Ni, Cu, Cr, and Co are depleted in the
sediments (Abu-Rukah 2001). EF values greater
than 1 suggest that the sources are more likely to
be anthropogenic.

Possible sediment enrichment of metals in
aquatic sediments was evaluated in terms of the
geoaccumulation index (Igeo) of Müller (1979).

This index was originally defined for metal con-
centrations in the <2 μm fraction and developed
for the global standard shale values (Müller 1979).
The formula used for the calculation of Igeo is
expressed as follows:

Igeo = Log2

(
Cn

1.5 Bn

)
(2)

Here, Cn is the measured concentration in the
sediment for metal n, Bn is the background value
for the metal n (Turekian and Wedepohl 1961),
and the factor 1.5 is used because of possible vari-
ations of the background data due to lithological
variations. The quantity Igeo is calculated using
the global average shale data from Turekian and
Wedepohl (1961).

The geoaccumulation index includes seven
grades. The highest grade (class 6) reflects a
100-fold enrichment above background values
(Table 4). The geoaccumulation index results in-
dicate that the surface, cutbank, and dam bank
sediments are uncontaminated with respect to Ni,
Co, Cr, Cu, and Mn (Table 5). The Pb accumu-
lation level is moderate to strong (Table 5). The
study area is strongly to extremely contaminated
with Cd and Zn (Table 5). The high contents
of Pb, Cd, Zn, and Cr are probably a result of
anthropogenic activities in the catchment area of
the dam site. Different towns and villages, like
Wadi Sir and Naur, discharge their wastes along
the Wadi Kafrain or its tributaries. In addition,
the Wadi Sir and Hussein Medical Center waste
treatment plants end up in the Wadi Kafrain or
its tributary wadis (Salameh 1996). Moreover, the

Table 4 Geoaccumulation index (Igeo) (Muller 1981) for
contamination levels in sediments

Igeo class Igeo value Contamination level

0 Igeo ≤ 0 Uncontaminated
1 0 < Igeo < 1 Uncontaminated/moderately

contaminated
2 1 < Igeo < 2 Moderately contaminated
3 2 < Igeo < 3 Moderately/strongly

contaminated
4 3 < Igeo < 4 Strongly contaminated
5 4 < Igeo < 5 Strongly/extremely

contaminated
6 5 < Igeo Extremely contaminated
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Table 5 Index of geoaccumulation (Igeo) and contamina-
tion level for mean metal concentrations in the surface,
cutbank, and dam bank sediments of Kafrain Dam

Metal Igeo and contamination levela

Surface Cutbank Dam bank
sediments sediments sediments

Pb 2.11 (MC/SC) 1.99 (MC) 2.00 (MC/SC)
Cd 4.47 (SC/EX) 4.26 (SC/EX) 4.40 (SC/EX)
Zn 4.95 (SC/EX) 4.89 (SC/EX) 4.93 (SC/EX)
Ni −0.11 (UC) −0.23 (UC) −0.37 (UC)
Co −0.34 (UC) −1.25 (UC) −1.26 (UC)
Cr 0.17 (MC) −0.83 (UC) −0.86 (UC)
Cu −0.61 (UC) −1.76 (UC) −1.61 (UC)
Mn −0.86 (UC) −1.89 (UC) −1.45 (UC)

MC moderately contaminated, MC/SC moder-
ately/strongly contaminated, SC strongly contaminated,
EX extremely contaminated
aUC denotes uncontaminated/slightly contaminated

irrigation return water, the presence of a dump-
ing site and industrial activities nearby the dam
site, and the use of chemical fertilizers and pesti-
cides in the agricultural activities are considered
additional sources of pollution (Salameh 1996).
Cd is a relatively rare metal. It has no essential
biological functions and is highly toxic to plants
and animals. The major hazard to human health
from Cd is its chronic accumulation in kidneys
(Alloway 1990). Pb is also a highly toxic metal
for plants and animals (Alloway 1990; Kennish
1992; Routh and Ikramuddin 1996). The solubility
of Pb is controlled principally by PbCO3, and
low-alkalinity and low-pH waters can have higher
Pb concentrations (Gowd et al. 2010). Also, Zn
is generally considered a toxic element and its
solubility is heavily pH dependent; Zn is nearly
insoluble under neutral pH, but becomes much
more soluble when pH drops to 6 (Forstner and
Wittmann 1983; Alloway 1990). Despite the high
contents of Cr in the sediments of the study area,
the sediments have been classified as unconta-
minated with Cr. Cr is a low mobility element,
especially under moderately oxidizing and reduc-
ing conditions and near-neutral pH values. Cr6+
adsorption decreases with increasing pH, and Cr
3+ adsorption increases with increasing pH. On
the other hand, Cr6+ is toxic for biological systems
(Gowd et al. 2010).

The results of Igeo in the sediments of other
regions exhibit various degrees of metals conta-
mination. In these studies, Fe was used to nor-
malize metal contaminants. Ghrefat and Yusuf
(2006) reported that the sediments of the Wadi
Al-Arab Dam are uncontaminated with Mn, Fe,
and Cu, moderately contaminated with Zn, and
strongly to extremely contaminated with Cd. The
elevated concentrations of Pb, Zn, and Cd are due
to anthropogenic sources near the dam site. These
sources mainly include fertilizers and pesticides
used in agricultural activities, and the effluent of
the Irbid City treatment plant (Salameh 1996).
The Igeo results reveal that the sediments in the
Ziqlab Dam are uncontaminated to moderately
contaminated with Pb and Cd (Abu-Rukah 2001).
The concentrations for the elements Mn, Zn, Co,
Ni, Cr, Cu, and Fe are below contamination levels.
The results of Igeo reveal that the sediments of the
Seyhan Dam are strongly to moderately polluted
with Cd (Cevik et al. 2009). The sediments of
Keratsini harbor, Greece are heavily polluted in
terms of Cd, Pb, and Zn, and highly contaminated
with respect to Cu and Cr (Galanopoulou et al.
2009).

The EF values show that as the values of met-
als vary the classification of contamination levels
vary. The classification of contamination levels
based on Igeo does not always vary as the contents
of metals vary. Consequently, the calculations of
Igeo are more reliable than those of EF for assess-
ing metal pollution in the current study.

Both Igeo and EF depend on the background
data used, grain size, and bonding forms of metals.
Rubio et al. (2000) calculated Igeo for the sed-
iments of Ria de Vigo, NW Spain, using three
background values, two of them regional values
and the third the global average shale data from
Turekian and Wedepohl (1961). The results show
that significant differences are observed between
backgrounds used for Cr, Pb, and Cu. The term
Igeo is affected by the content of the samples and
the geochemical background values.

Fine-grained sediments tend to have relatively
high metal contents, due in part to the high
specific surface of the smaller particles. This en-
richment is mainly due to surface adsorption
and ionic attraction (McCave 1984; Horowitz and
Elrick 1987). Also, coatings of organic matter



106 Environ Monit Assess (2011) 178:95–109

are prevalent in fine-grained sediments, and these
coatings bind a variety of trace elements. Yaqin
et al. (2008) used Igeo to study source profiles of
soil dust in China, and revealed that Igeo values
for fine soil dusts are generally higher than those
for coarse fractions of a given element and city.
Thus, fine soil dusts tend to be more heavily con-
taminated than coarse dusts.

Correlation analyses

Pearson’s correlation coefficients for Pb, Cd, Zn,
Ni, Co, Cr, Cu, Mn, and Fe in the sediments of the
Kafrain Dam are depicted in Table 6. The matrix
summarizes the strength of the linear relationships
between each pair of variables. All the metal pairs
in the surface sediments exhibit positive relations

(except for the Pb–Zn pair), but some of them
were significant at the 95% and 99% confidence
levels. The Pb–Cr (r = 0.67), Ni–Cr (r = 0.73),
Cu–Mn (r = 0.83), Cu–Fe (r = 0.78), and Mn–Fe
(r = 0.93) pairs are significantly positively corre-
lated with each other at the 99% confidence level,
which may suggest a common pollution source or
a similar geochemical behavior for these metals.
The Pb–Cd (r = 0.57), Pb–Cr (r = 0.57), Pb–Mn
(r = 0.68), Ni–Cr (r = 0.60), and Cr–Cu (r = 0.57)
pairs in the cutbank and dam bank sediments are
significantly positively correlated with each other
at 95% and 99% confidence levels. Negative and
inverse correlations between metals indicate that
these metals are derived from different sources
and that this metal is not associated with other
metals.

Table 6 Matrix of
Pearson’s correlation
coefficient of metals in
the surface, cutbank, and
dam bank sediments of
the Kafrain Dam

aCorrelation is significant
at the 0.05 level
(two-tailed)
bCorrelation is significant
at the 0.01 level
(two-tailed)

Pb Cd Zn Ni Co Cr Cu Mn Fe

Surface
Pb 1
Cd 0.49 1
Zn −0.03 0.61a 1
Ni 0.43 0.54a 0.54a 1
Co 0.04 0.36 0.46 0.35 1
Cr 0.01 0.57a 0.81b 0.77b 0.62a 1
Cu 0.11 0.07 0.19 0.65a 0.16 0.48 1
Mn 0.22 0.70b 0.71a 0.82b 0.61a 0.87b 0.57a 1
Fe 0.01 0.58 0.52 0.49 0.64a 0.62a 0.28 0.65a 1

Cutbank
Pb 1
Cd 0.54a 1
Zn −0.15 −0.28 1
Ni 0.62a 0.56a 0.24 1
Co −0.12 −0.02 −0.26 −0.46 1
Cr 0.67b 0.35 0.07 0.73b 0.07 1
Cu 0.02 0.25 0.40 0.42 −0.06 0.47 1
Mn 0.15 0.14 0.47 0.58a −0.28 0.62a 0.83b 1
Fe 0.18 0.30 0.44 0.55a −0.28 0.52 0.78b 0.93b 1

Dam bank
Pb 1
Cd 0.57a 1
Zn −0.01 0.05 1
Ni 0.40 0.46 −0.20 1
Co 0.07 −0.02 −0.26 0.25 1
Cr 0.57a 0.39 0.20 0.60a −0.42 1
Cu 0.29 −0.02 −0.40 0.19 −0.49 0.57a 1
Mn 0.68b 0.29 −0.33 0.45 0.34 0.26 0.24 1
Fe 0.54a 0.44 −0.03 0.75b −0.13 0.66a 0.35 0.46 1
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Conclusions

Sediment pollution in the present study was as-
sessed using enrichment factor and geoaccumu-
lation index geochemical approaches. The results
indicate that the calculations of Igeo are more reli-
able than those of EF. The EF results demonstrate
that metals in the study area are enriched. Based
on values of Igeo, the surface, cutbank, and dam
bank sediments are uncontaminated with respect
to Ni, Co, Cr, Cu, and Mn, moderately to strongly
contaminated with Pb, and strongly to extremely
contaminated with Cd and Zn. The elevated val-
ues identified for Pb, Cd, and Zn are probably a
result of anthropogenic activities in the catchment
area of the dam site. These sources mainly in-
clude the effluent of wastewater treatment plants,
treated and untreated wastewaters, and irrigation
return water. The results of the correlation matrix
analysis demonstrate that metals in the study area
exhibit different degrees of correlation. Miner-
alogical analyses of the collected samples show
the presence of clay minerals (illite and kaolinite),
calcite, dolomite, quartz, orthoclase, and micro-
cline. The results indicate that Pb in the Kafrain
Dam exhibits higher metal concentrations com-
pared to other studies performed in other areas
of the world. Most of the studies reported high
contents of Cd.
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