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ABSTRACT 
 
The Mediterranean Sea receives domestic, agricultural and industrial untreated wastewaters from 
many cities and surrounding villages between Damietta and Port Said. The present study was to 
obtain a preliminary assessment about the level and distribution of some heavy metals (Fe, Mn, Cu, 
Pb and Zn) in its surface sediment collected from 14 stations. The metal concentrations (in µg/g) 
ranged: Fe, 947-1483; Mn, 47.58-257.1; Cu, 1.629-14.69; Pb, 1.16-19.07; and Zn, 7.996-400.3. 
Spatial variation in concentrations was observed for all metals. Pollution status was evaluated using 
five indices: The enrichment factor, geo-accumulation index, contamination factor, degree of 
contamination and pollution load index. Based on enrichment factors, geoaccumulation index and 
contamination factor, it was noticed that Zn was the major pollutant in the present study. The high 
values for Zn and Pb were given an indication that its sources had the highest anthropogenic 
inputs. This study revealed a severe enrichment for Zn and Pb, while Cu and Mn indicated minor 
values. DC values of sediments samples were ranged from 0.35 to 5.27. The degree of 
contamination in the study area was related to low degree and moderate degree of contamination. 
PLI values of sediments in the different sites of sediment samples ranged from 0.040 to 0.395 with 
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average of 0.221. The decrease in PLI values indicating dilution and dispersion of metal content 
with increasing distance from source areas.  
 

 
Keywords: Contamination; heavy metals; quantitative indexes; sediment; wastewater. 
 

1. INTRODUCTION 
 
Heavy metals in ecosystems have received 
extensive attention because they are toxic, non-
biodegradable in the environment and easy to 
accumulate and magnify in organisms [1]. Marine 
sediments can be vital indicators for monitoring 
pollutants in marine environments. The entry of 
contaminants into the environment due to human 
and natural activities. Due to the industrial and 
economic growth and the production of a variety 
of compounds and chemicals followed by 
increased consumption man makes some 
unwanted pollutants, many of which cause 
serious problems and risks for the environment 
and for man himself. The most important natural 
resources of environmental pollution are soil and 
rock weathering and natural events such as 
earthquakes and floods. Great urbanization and 
industrial development during last decade have 
provoked some serious concerns for the 
environment.  
 
Heavy metals pollution along the Mediterranean 
Sea is one of the major quality issues in many 
fast growing cities, because maintenance of 
water quality and sanitation infrastructure did not 
increased along with population and urbanization 
growth especially for the developing countries [2]. 
Trace metals come to the Mediterranean Sea 
from different sources; it be can be either natural 
or anthropogenic [3].  
 
Some of the metals like copper, iron, 
manganese, nickel and zinc are essential as 
micronutrients for the life processes in animals 
and plants while many other metals such as 
cadmium, chromium, lead and copalt have no 
known physiological activities [4]. Metals are non-
degradable and can accumulate in the human 
body system, causing damage to nervous 
system and internal organs [5]. However, the 
coast play a major role in assimilation or 
transporting municipal and industrial wastewater 
and runoff from agricultural and mining land [6]. 
 
2. MATERIALS AND METHODS 
 

2.1 The Study Area 
 
The study area represents a part of the 
Mediterranean Sea coast lying to the north of 

Egypt. It includes the coastal strip of the Nile 
Delta between Damietta and Port Said coast. It 
located between latitudes 31°13' to 31°27 ' N and 
longitudes 32°15 ' to 32°29' E (Fig. 1). This area 
was carefully selected for two reasons (1): It is 
subjected to petroleum hydrocarbon 
contamination along the year by shipping and 
industrial activities that located offshore due to 
the presence of both New Damietta and Port 
Said ports. (2): The wide range of climate change 
from the high temperatures during summer 
months to the cold, humid and rainfall region 
during winter. The coastal area of the Nile Delta 
is characterized by a mild climate [7]. 
 

2.2 Heavy Metals in Sediment  
 
In the laboratory, the sediment samples were 
dried at 105°C, grinding, sieving, and about (1 g) 
of the most fine dried grains were digested with a 
mixture of conc. H2O2, HCl and HNO3 described 
by [8] and preserved in a refrigerator till analysis. 
 

2.3 Heavy Metals Indices 
 
2.3.1 Enrichment factor (EF)  
 
As proposed by [9], EF was employed to assess 
the degree of contamination and to understand 
the distribution of the elements of anthropogenic 
origin from sites by individual elements in 
sediments Fe was chosen as the normalizing 
element [10]. (M/Fe) sample is the ratio of metal 
and Fe concentrations of the sample, and (M/Fe) 
crust is the ratio of metal and Fe concentrations 
of a background. Where, M is the concentration 
of metal. The background value is that of 
average shale [11]. 
 

Enrichment factor = (M/Fe) sample / (M/Fe) 
background 

 

2.3.2 Geo-accumulation index (Igeo)  
 

An index of geo-accumulation (Igeo) was 
originally defined by [12], in order to determine 
and define metal contamination in sediments 
[13], by comparing current concentrations with 
pre-industrial levels. 
 

Igeo = Log2 (Cn/1.5Bn) 
 

Where, Cn is the measured concentration of a 
heavy metals in sediments, Bn is the 



Fig. 1. Location Map of study area showing the sampling sta tions
 
geochemical background value in average shale 
of element n and 1.5 is the background matrix 
correction due to erogenous effects or Factor 1.5 
is used because of possible variations in 
background values for a given metal in the 
environment as well as very small anthro
influences.  
 
2.3.3 Contamination factor (CF)  
 
The level of contamination can be expressed by 
the contamination factor (CF); [14]. The CF is the 
ratio obtained by dividing the concentration of 
each metal in the sediment by the baseline or 
Background value. The background value 
corresponds to the baseline concentrations 
reported by [11] and is based on element 
abundances in sedimentary rocks (shale). 
 
2.3.4 Degree of contamination (DC)
 
Another index that can be derived from the CF 
values is the Degree of contamination (Dc) 
defined as the sum of all contamination factors 
for a given site [15]: 
 

1

N

d i
i

C C F
=

= ∑  

 
Where CF is the single contamination factor and 
n is the count of the elements present.
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the single contamination factor and 
n is the count of the elements present. 

2.3.5 Pollution load index (PLI)  
 
The PLI proposed by [14] provide some 
understanding to the public of the area about the 
quantity of a component in the environment. The 
PLI of a single site is the root of number (n) of 
multiplied together contamination Factor (CF) 
values.  
 

PLI = (CF1 × CF2 × CF3 ×······ ×CF
 
Where, n is the number of metals (seven in the 
present study) and CF is the contamination 
factor.  
 
3. RESULTS AND DISCUSSION
 
3.1 Heavy Metal Concentrations 

Sediments 
 
Heavy metals enter marine environments from 
natural as well as from man-made sources 
through several pathways. Heavy metals 
released into water eventually are accumulated 
in the sediments, which act as recorders of 
heavy metal pollution events [16]. 
are among the most important places for human 
inhabitants with rapid urbanization and 
industrialization; which may be lead to heavy 
metals accumulation. Occurrence of heavy 
metals in high concentration can inhibit microbial 
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degradation. Heavy metal contamination in 
sediment could affect the water quality and 
bioaccumulation of metals in aquatic organisms. 
Table 1. shows the concentration of heavy 
metals in sediment samples collected from 
different locations along the study area. 
 
Table 1. Heavy metal concentration (µg/g) in 

sediment samples along the study area 
 

S. 
No. 

Pb Fe Cu Mn Zn 

1 2.24 1162 1.63 78.63 7.10 
2 3.66 1331 4.85 176.5 16.21 
3 9.19 1409 14.69 207.5 400.3 
4 2.06 1394 5.54 210.2 175.0 
5 3.64 1399 7.14 241.8 180.9 
6 4.61 1275 5.41 92.05 301.3 
7 5.89 1346 5.65 140.9 254.1 
8 4.28 947 2.37 96.27 14.81 
9 8.12 1370 8.47 206.5 319.2 
10 6.20 1477 13.40 253.2 303.2 
11 8.56 1483 11.26 257.1 68.96 
12 19.07 1086 5.30 153.0 362.7 
13 1.16 1214 4.72 58.37 115.6 
14 4.11 1168 2.66 47.58 234.7 
Mean 5.9 1290 6.6 158.5 196.7 
Max 19.07 1483 14.69 257.1 400.3 
Min 1.16 947 1.629 47.58 7.996 

 
3.1.1 Iron (Fe)  
 
Iron represented the maximum abundance of the 
studied metals in the present study. It is naturally 
released into the environment from weathering. 
Iron in sediment samples along the study area 
ranged from 947 to 1483 µg/g. The highest value 
was observed at El-Shalihat (location No. 11), 
while the lowest value of Fe was at New 
Damietta Harbour (location No. 8). Maximum 
concentration of iron may be related to human 
activities, mineral processing and sewage 
discharges. On the other hand, minimum level of 
Fe recorded at location No. 8 may be related to 
the nature of sediments. [17] reported that iron 
concentrations in the Mediterranean Sea 
sediments ranged from 186.7 to 2030 mg/kg. [18] 
showed a concentration was 39605 µg Fe/g in 
the sediments collected from Damietta along the 
Mediterranean Sea was.  
 
3.1.2 Copper (Cu)  
 
It generally introduced into marine environment 
in two forms: lithgenic and biogenic. Low 
concentration of copper is essential for humans, 
animals and plants but it can be harmful to biota 
[18]. Concentrations of Cu metal in sediment 
samples along the study area ranged from 1.629 

to 14.69 µg/g. The highest value was observed 
at Paradise Village (location No. 3), while the 
lowest value was observed at Fairose village 
(location No. 1). The highest value may be 
related to decomposition of organic matter that 
can affect the growth of algae and metabolisms 
of microorganisms. Industrial manufacturers and 
anthropogenic sources lead to elevation of Cu 
concentration in sediments. [18] reported that 
concentrations of Cu in sediment samples along 
the Mediterranean Sea ranged from 19 to 69 
µg/g. [17] reported that mean concentrations of 
Cu metal in the Mediterranean Sea sediments 
was 49.4 µg/g. [19] reported that concentrations 
of Cu were ranged from 18.70 µg/g to 49.97 µg/g 
at Mombasa Marine sediment. 
 
3.1.3 Manganese (Mn)  
 
Manganese plays an important role in biological 
oxidation of most microorganisms especially 
fungi [20]. The present values of Manganese in 
sediment samples were ranged from 47.58 to 
257.1 µg/g. The highest value was observed at 
El -Shalihat (location No. 11), while the lowest 
value was observed at Gamasa (location No. 
14). Manganese also increase as a result of 
chemicals that were used in fertilizer 
formulations, pharmaceutical products and in 
animal feeds [19]. The major man-made sources 
of environmental manganese include municipal 
wastewater discharge and sewage sludge. [18] 
reported that concentrations of Mn in sediment 
samples along the Mediterranean Sea ranged 
from 238 to 661 µg/g. [21] mentioned that the 
major sources for manganese in sediments are 
steel manufacturing and the burning of diesel fuel 
in the motor cars. So, the engine boats which are 
distributed in the Mediterranean Sea could be a 
reason for increasing Mn. In another study by 
[22] Mn of the Aden Port sediments in Yemen 
ranged from 138.23 to 658.87 µg/g. 
 
3.1.4 Zinc (Zn)  
 
Zinc is one of the most essential elements as an 
enzyme cofactor, however high concentrations of 
Zn can be toxic. Presence of Zn in marine 
environment gave a rapid impact on bacterial 
productivity, whereas proteolytic enzymes were 
not affected [20]. The present values of Zinc in 
sediment samples along the study area were 
ranged from 8.00 to 400.3 µg/g. The highest 
value was observed at Paradise Village (location 
No. 3), while the lowest value was observed at 
Fairose village (location No.1). Different 
industries basically utilize Zn metal in different 
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manufacturing processes (e.g. Fertilizers, heavy 
industries (Ores productions), electroplating etc.). 
Excessive industrial and human activities at 
location No. 3 largely resulted in contaminating 
these locations by Zinc. [17] assumed that 
concentration of Zn in sediment samples which 
ranged from 33.9 to 42.2 mg/kg at Mediterranean 
Sea sediments. [18] reported that concentrations 
of Zn in sediment samples along the 
Mediterranean Sea ranged from 25 to 126 µg/g. 
 
3.1.5 Lead (Pb)  
 
Human beings are exposed to enhanced levels 
of lead in food and drink and in the air they 
breathe. Lead is a poison, and once taken into 
the human body enters the blood from where it is 
redistributed to soft tissue and the skeleton. Lead 
is dispersed throughout the environment 
primarily as the result of anthropogenic activities. 
The solubility of lead compounds in sediment is a 
function of pH, hardness, salinity, and the 
presence of humic material. Anthropogenic 
sources of Pb include the mining and smelting of 
ore, manufacture of lead-containing products, 
combustion of coal and oil, and waste 
incineration. Lead is considered one of the most 
toxic heavy metals released into the environment 
from different sources. Levels of Pb in sediments 
samples along the study area were ranged from 
1.16 to 9.07 µg/g. The highest value was 
observed at New Damietta (location No. 12), 
while the lowest value was observed at Westani 
company (location No.13). El-Serehy et al. [18] 
reported that Pb concentrations in sediment 
samples at Mediterranean Sea ranged from18.4 
to 24.8 µg/g. [18] reported that concentrations of 
lead in sediment samples along the 
Mediterranean Sea ranged from 32 to 68 µg/g. A 
study of heavy metals in sediments of the 
Western part of Egyptian Mediterranean Sea by 
[23] reported that Pb levels ranged from 2.672 to 
35.624 µg/g. [24] reported that levels of Pb in 
sediments were ranged from 1.0 µg/g to 26.9 
µg/g in the dry season and 2.5 µg/g to 33.3 in the 
wet season. Lead intoxication affects the nervous 
system, blood and vessels and inhibits the 
enzymic processes. 
 

3.2 E- Sediment Quality Assessment 
 
Sediments are usually regarded as the ultimate 
sink for heavy metals, which can be sensitive 
indicators for monitoring contaminations in 
aquatic environment [25]. To assess the 
contamination degree of heavy metals in the 
sediment samples, some indices were 
remodeled in this study: 

3.2.1 Enrichment factor (EF)  
 
It was used to evaluate the extent of heavy metal 
pollution in sediments. A five-category ranking 
system is used in this study to denote the degree 
of anthropogenic contamination of heavy                
metals. EF < 2 states deficiency to minimal 
contamination, EF = 2–5 moderate 
contamination, EF = 5–20 significant 
contamination, EF = 20–40 very high 
contamination, and EF > 40 extremely high 
contamination [26]. The enrichment factor (EF) 
values of sediments at the present study are 
presented in Table 2 and Fig. 2. The enrichment 
factor value of Cu: 1.47–10.94, Mn: 2.26 – 9.62, 
Zn: 3.42–165.93, and Pb ranged from 2.26– 
41.44 in the sediment samples of the study area. 
The calculated EF values were found in the 
following sequences: Zn>Pb>Cu>Mn. It was 
noticed that Zn was the major pollutant in the 
present study. The high values for enrichment 
factor for Zn and Pb were given an indication that 
its sources had the highest anthropogenic inputs. 
This study revealed a severe enrichment for Zn 
and Pb, while Cu and Mn indicated minor 
enrichment. It was showed that EF values of Mn 
and Cu in the suitable ratios, which represented 
a low contamination in sediment of the study 
area. On the other hand the elevated EF values 
of Zn and Pb suggested a high level of industrial 
impact which in turn may affect the integrity of 
Mediterranean Sea sediments. [25] showed that 
EF values of Cu: 1.52–2.29, Mn: 1.50–3.63, Zn: 
1.33–1.79 and Pb ranged from0.89–1.62 in the 
sediment samples of Damietta Nile Branch. The 
EF of all metals in all samples showed low 
contamination. [27] recorded that Fe and Zn 
concentrations in the sediment at Gyeninso 
having EF values of more than 24 should be 
considered as major sediment pollutants. 
 
3.2.2 Geoaccumulation index (Igeo)  
 
Geoaccumulation index (Igeo) is a method for 
estimating the enrichment of metal 
concentrations in sediments above background 
or baseline concentrations. The geoaccumulation 
index can be applied to assess the pollution by 
comparing current concentrations with pre-
industrial levels. It is a quantitative measure of 
the degree of pollution in aquatic sediments. [25] 
proposed the seven enrichment classes                   
based on the increasing numerical values of the 
index. 
 
The following descriptive classes for increasing 
Igeo values are: <0= uncontaminated, 0-1= 
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uncontaminated to moderately contaminated, 1-2 
= moderately contaminated, 2-3 = moderately to 
heavily contaminated, 3-4 = heavily 
contaminated, 4-5= heavily to extremely 
contaminated, >5 extremely contaminated. 
Geoaccumulation index (Igeo) values of 
sediments at the various sampling locations 
along the study area were presented in Table 3 
and Fig. 3. The Igeo value of Fe ranged from-6.2 
to -5.6, Cu from-5.37 to -2. 2 Mn from-4.7 to -
2.3;Zn from-4.2 to 1.5, and Pb from-4.7 to -0.6; in 
the sediment of the study area. The calculated 
Igeo values were found in the following 
sequences: Zn>Pb>Cu>Fe>Mn. It was noticed 
that Zn was the major pollutant. Fe, Cu, Mn, and 
Pb remained in class < 0 in all sites suggesting 
that sediments of the study area were in 
background value with respect to these metals. 
The Igeo for Zn in some locations was in the 
class 1- 2, which related to moderately 
contaminated. [12] showed that Igeo values in 
sediments of Damietta Nile Branch of Fe ranged 
from -2.20 to -1.15, Igeo value of Cu ranged from 
-1.42 to -0.006, Igeo value of Mn ranged from -
1.11 to 0.664, Igeo value of Zn ranged from -1.36 
to -0.735 and Igeo value of lead ranged from -
2.35 to -0.674.It was showed that all metals in 
the background value. [28] showed that Igeo 
values of Pb varied mostly, ranged from 0.911-
2.17. The most of stations fell in class 2 
(moderately contaminated). 
 

Table 2. Enrichment factors (EF) of the 
sediments from the studied area 

 
S. no. Cu Mn Zn Pb 
1 1.47 3.76 3.42 4.55 
2 3.82 7.36 6.05 6.50 
3 10.94 8.18 141.15 15.37 
4 4.17 8.37 62.37 3.48 
5 5.35 9.60 64.25 6.14 
6 4.45 4.01 117.41 8.54 
7 4.40 5.81 93.80 10.33 
8 2.63 5.65 7.77 10.67 
9 6.49 8.37 115.76 13.100 
10 9.52 9.52 101.99 9.91 
11 7.96 9.63 23.10 13.62 
12 5.11 7.82 165.93 41.44 
13 4.08 2.67 47.31 2.26 
14 2.39 2.26 99.84 8.30 

 
3.2.3 Contamination factor  
 
The level of contamination can be expressed by 
the contamination factor [15]. The terminologies 
used to describe the contamination factor are: 
CF< 1 low contaminated; 1 < CF < 3 moderate 
contamination; 3 < CF < 6 considerable 

contamination and CF > 6 high contaminations. 
The contamination factors values of sediments at 
the various sampling locations along the study 
area were presented in Table 4. and Fig. 4. It 
was showed that the contamination factor of                    
Fe, Cu, Mn, and Pb in all samples showed                  
low contaminated expect Zn showed a 
considerable contamination. The CF value of Fe 
ranged from 0.020 to 0.031, Cu from 0.036 to 
0.326, Mn from 0.056 to 0.302; Zn from 0.084 to 
4.214, and Pb from0.058 to 0.954; in the 
sediment of the study area. The calculated CF 
values were found in the following sequences: Zn 
>Pb> Cu >>Mn> Fe for all studied areas. It was 
noticed that Zn is the major pollutant to cause 
high pollution while Fe is the least metals to 
influence the pollution load. According to [29] the 
calculated CF values were found in the following 
sequences: Cu>Pb>Mn>>Zn> Fe for all studied 
areas along in the surface sediment of Lake 
Nasser. 
 
Table 3. Geoaccumulation index (Igeo) of the 

sediments from the studied area 
 

S. no. Fe Cu Mn Zn Pb 
1 -5.9 -5.4 -4.0 -4.2 -3.7 
2 -5.7 -3.8 -2.9 -3.1 -3.0 
3 -5.7 -2.2 -2.6 1.5 -1.7 
4 -5.7 -3.6 -2.6 0.3 -3.9 
5 -5.7 -3.2 -2.4 0.3 -3.0 
6 -5.8 -3.6 -3.8 1.1 -2.7 
7 -5.7 -3.6 -3.2 0.8 -2.3 
8 -6.2 -4.8 -3.8 -3.3 -2.8 
9 -5.7 -3.0 -2.7 1.2 -1.9 
10 -5.6 -2.3 -2.3 1.1 -2.3 
11 -5.6 -2.6 -2.3 -1.0 -1.8 
12 -6.0 -3.7 -3.1 1.3 -0.7 
13 -5.9 -3.8 -4.4 -0.3 -4.7 
14 -5.9 -4.7 -4.7 0.7 -2.9 

 
Table 4. Contamination factor (CF) of the 

sediments from the studied area 
 

S. no. Fe Cu Mn Zn Pb 
1 0.025 0.036 0.093 0.084 0.112 
2 0.028 0.108 0.208 0.171 0.183 
3 0.030 0.326 0.244 4.214 0.459 
4 0.030 0.123 0.247 1.842 0.103 
5 0.030 0.159 0.284 1.904 0.182 
6 0.027 0.120 0.108 3.172 0.231 
7 0.029 0.126 0.166 2.675 0.295 
8 0.020 0.053 0.113 0.156 0.214 
9 0.029 0.188 0.243 3.360 0.406 
10 0.031 0.298 0.298 3.192 0.310 
11 0.031 0.250 0.302 0.726 0.428 
12 0.023 0.118 0.180 3.818 0.954 
13 0.026 0.105 0.069 1.217 0.058 
14 0.025 0.059 0.056 2.471 0.206 



 

Fig. 2. Enrichment factors (EF) of  

 

Fig. 3. Geoaccumulation index (Igeo) in sediment from studi ed area

3.2.4 Degree of contamination (DC)
 
Another index that can be derived from the CF 
values is the Degree of contamination 
used for the description of the degree of 
contamination in the study area. Dc values less 
than 5 would indicate low degree of 
contamination; 5≤Dc<10, moderate 
contamination; 10≤Dc<20, considerable degree 
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3.2.5 Pollution load index (PLI)  
 
PLI has been calculated to determine the 
pollution load of sediments [14]. [14] reported that 
the application of PLI provides a simple way in 
assessing estuarine sediment quality. PLI 
provides a simple, comparative means for 
assessing the level of heavy metal pollution and 
was then classified as no pollution (PLI<1), 
moderate pollution (1<PLI<2), heavy pollution 
(2<PLI<3), and extremely heavy pollution 
(3<PLI). The Pollution Load Index values of 
sediments at the present study were presented in 
Table 5. and Fig. 6. PLI values of sediments 
along the study area were ranged from 0.06 to 
0.34. In the present study, lower values of PLI 
was related to no appreciable input from 

anthropogenic sources. The decrease in PLI 
values indicating dilution and dispersion of                 
metal content with increasing distance from 
source areas. Our results of the ecological                    
risk assessment were in compatible to some 
extent with that obtained by [29]. PLI values                      
of sediments in the different sites of sediment 
samples ranged from 0.040 to 0.395 with 
average of 0.221. The PLI of the zone or the 
whole investigated area of the lake however,             
was 0.196 which confirmed that the lake 
sediments are not polluted [429]. PLI can give 
indication about the trend spatially and 
temporarily. In addition, it also provides                   
valuable information and advice to the policy and 
decision makers on the pollution level of the area 
[30]. 

  

 
 

Fig. 4. Contamination factor index of sediment from  studied area 
 

 
 

Fig. 5. Degree of contamination index of sediment f rom studied area 
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Fig. 6. Pollution load index of sediment from the s tudied area 
 

Table 5. Degree of contamination (DF) and 
Pollution load index (PLI) of the sediments 

from the studied area 
 

S. no. DC PLI 
1 0.35 0.06 
2 0.70 0.11 
3 5.27 0.34 
4 2.35 0.18 
5 2.56 0.22 
6 3.66 0.19 
7 3.29 0.22 
8 0.56 0.08 
9 4.23 0.28 
10 4.13 0.31 
11 1.74 0.24 
12 5.09 0.28 
13 1.47 0.11 
14 2.82 0.13 

 
4. CONCLUSION 
 
Quality assessment of sediments was evaluated 
using five indices: Enrichment factor, Geo-
accumulation index, Contamination factor, 
Degree of contamination and Pollution load 
index. According to enrichment factors, 
geoaccumulation index and contamination factor, 
it was noticed that Zn was the major pollutant in 
the present study. The high values for Zn and Pb 
were given as an indication that its sources had 
the highest anthropogenic inputs. This study 

revealed a severe enrichment for Zn and Pb, 
while Cu and Mn indicated minor values. DC 
values of sediments samples were ranged from 
0.35 to 5.27. The degree of contamination in the 
study area was related to low degree and 
moderate degree of contamination. PLI values of 
sediments in the different sites of sediment 
samples ranged from 0.040 to 0.395 with 
average of 0.221. The decrease in PLI values 
indicating dilution and dispersion of metal content 
with increasing distance from source areas. 
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