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ABSTRACT: Water and sediment samples were collected from six different stations, 
located along the Nil River between February and June 2015. Concentrations of 
cadmium, lead, zinc, and copper were determined. The extent of the sediment pollution 
was assessed, using the multiple pollution indices, namely contamination factor (CF), 
pollution load index (PLI), and the geoaccumulation index (Igeo). The results showed 
that the level of metals in water samples exceeded background concentrations for Cd and 
Pb, and the average values for those elements were higher than those of Zn and Cu, 
ranked as the following: Pb (0.58)> Zn (0.38)> Cd (0.32)> Cu (0.061). For sedimentary 
samples, the results showed that Zn and Pb concentrations were greater than the 
concentrations of Cu and Cd, exceeding the background values (except for Cu). The 
concentration of the tested heavy metals decreased to the following order: Zn (96.2)> Pb 
(61.5)> Cu (38.83)> Cd (2.34). The Igeo values revealed that Cd (2.87) and Pb (1.61) had 
accumulated significantly in the Nil River. Contamination factor (CF) confirmed that the 
sedimentary samples were moderate to very high in terms of Cd, Pb, and Zn 
contamination. The Pollution Load Index (PLI) values were above one (>1), indicating an 
advanced decline of the sediment quality. Also, the results showed that the stations, 
located at the middle portion of the river (S3, S4, and S5) have higher levels of metals 
than the other stations (S1, S2, and S6). The assessment of heavy metals' levels in water 
and sedimentary samples indicated that river water and the sediments in the study area 
were strongly impacted by agricultural activities and domestic waste water. 
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INTRODUCTION

 

Today, river and sedimentary contamination 

with different pollutants presents a 

complicated, long-term environmental 

problem, particularly in areas with high 

anthropogenic pressure (Ferati et al., 2015; 

Islam et al., 2016). Heavy metals are among 
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the most common environmental pollutants, 

their presence in rivers and biota indicating 

the existence of natural or anthropogenic 

source (Adaikpoh et al., 2005; Akoto et al., 

2008; Esmaeilzadeh et al., 2016). Heavy 

metals from industrial and urban discharges 

are deposited in different components of the 

aquatic ecosystem, such as water, sediments, 

soils, and biota. All heavy metals are 

potentially harmful to most organisms at 
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some level of exposure and absorption. 

Under certain environmental conditions, 

heavy metals may accumulate to form a toxic 

concentration, causing ecological damage 

(Ramos et al.,1999; Segura et al., 2006; Du 

Laing et al., 2008). Heavy metals, which 

may result from chemical leaching of 

bedrock, water drainage, runoff from banks, 

and the discharge of urban, industrial, and 

rural agricultural wastewaters are widely 

present in rivers, serving as important 

indicators of water environmental quality 

(Gupta et al., 1996; Bai et al., 2012).  

Usually, concentrations of heavy metals 

in aquatic ecosystem are determined by 

measuring their concentration in water and 

sediments (Camusso et al., 1995) that 

generally exist at low levels in water and 

attain a considerable concentration in the 

sediments (Namminga & Wilhm, 1976). 

The geoaccumulationindex (Igeo), 

contamination factor (CF), and Pollution 

Load Index (PLI) are among different 

statistical indexes that can be used to 

determine the source and magnitude of metal 

pollution. These pollution indices methods 

have been widely utilized in river and marine 

sediments (Muller, 1969; Bryan & Langston, 

1992; Buccolieri et al., 2006; Vaezi et al., 

2016). 

Nil River is known as an important water 

source which is not only limited to supply 

water to the consumers but is also used for 

other purposes such as recreation, fishing, 

effluent discharge, and irrigation. Recently, 

the river was exposed to different pollution 

problems such as industrial effluent, 

domestic sewage, and agriculture activities. 

The current work aims to (i) determine 

the levels and distribution of the toxic heavy 

metals in Nil River's water and sediment; (ii) 

explore the degree of contamination and 

pollution impacts by using the following 

pollution indicators, including contamination 

factor (CF), pollution load index (PLI), and 

geo-accumulation index (Igeo); and (iii) 

establish baseline data on the present status 

of the river that can be used by relevant 

authorities as well as other researchers. 

MATERIALS AND METHODS 

Study area 
Nil River is one of the longest rivers in Jijel 

district, 120 km long with a total watershed 

area of 303 km
2
. The study area lies within a 

longitude of 5°56'14.32′′E and latitude of 

36°49'40.04"N (Fig. 1). People, living on the 

bank of this river, use its water for 

agricultural and other purposes, such as 

bathing their cattle, washing their cloth, etc. 

Once used, water is generally discharged into 

the river from agricultural and sewage 

systems. In fact, the water quality of the river 

has considerably deteriorated as a result of 

such human activities. The climate in the 

study area is of Mediterranean type with dry 

warm summers and wet winters. During the 

winter months (November-February), there 

is an 80% of precipitation. The average 

temperature is 09°C in January and 28°C in 

July. 

This region is characterized by a few 

natural lakes and swamps, the most notable 

examples of which are located downstrea: 

Ghedir Beni Hamza in the north-east and 

Ghedir el Merdj in the north-west 

(Boufekane & Saighi, 2013). 

Pollution evaluation indices 
Three indices of geo-accumulation index 

(Igeo), contamination factor (CF), and 

Pollution load index (PLI) were used to 

gain information about the sources of metal 

pollutants and to assess the metal pollution 

status. 

Geoaccumulation index (Igeo) 
According to Müller (1981), 

geoaccumulation index (Igeo) for metals was 

determined using the following equation: 

geo 2I
1.5

n

n

log
B




 

where Cn is the measured concentration of 

the examined metal (n) in the sediment and 

Bn is the geochemical background 
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concentration of the metal (n). Factor 1.5 is 

the background matrix correction factor 

due to lithogenic effects. The crustal 

abundance data of Krauskopf and Bird 

(1995) were used as background data. 

The geoaccumulation index consists of 

seven grades or classes (Table 1). 

Contamination Factor (CF) 
The contamination factor (CF) of a single 

trace element was calculated, as suggested 

by Min et al. (2013) and Kerolli-Mustafa et 

al. (2015). It was used to evaluate the 

contamination of the single heavy metal in 

our samples. 

 

Fig. 1. Location of different sampling sites along Nil River 

Table 1. Descriptive classes for Igeo values (Müller, 1981) 

Sediment quality Igeo IgeoClass 

Unpolluted Igeo<0 0 

Unpolluted to moderately polluted 0< Igeo≤1 1 

Moderately polluted 1< Igeo≤2 2 

Moderately to heavily polluted 2< Igeo≤3 3 

Heavily polluted 3< Igeo≤4 4 

Heavily to extremely polluted 4< Igeo≤5 5 

Extremely polluted Igeo>5 6 
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The formula to calculate contamination 

factor (CF), used to evaluate the pollution 

of the single heavy metal in our sediment 

samples, is: 

CF

i

sample

i

reference

C

C
  

where CF is the contamination factor for a 

heavy metal; i

sampleC , the measured value of 

the heavy metal in the sediment; and i

referenceC , 
the calculation parameter. 

The contamination levels were classified 

based on their intensities on a scale, ranging 

from 1 to 6, as shown in Table 2 (Hakanson, 

1980). 

Table 2. Sediment contamination levels, based on 

contamination factor (CF) value (Hakanson, 1980) 

Contamination factor level CF value 

Low Contamination CF<1 

Moderate Contamination 1< CF≤3 

Considerable Contamination 3< CF≤6 

Very High Contamination CF >6 

Pollution Load Index (PLI) 
The PLI was originally proposed by 

Tomlinson et al. (1980) to determine the 

pollution load of the sediments. It can also 

give a simple and relative means for the 

evaluation of metal pollution degree 

(Tomlinson et al., 1980). This parameter is 

expressed as: 

PLI    1 2 3 .n Cf Cf Cf Cfn     

where n is the number of metals and Cf is 

the contamination factor. The pollution 

load index can be classified as no pollution 

(PLI< 1), moderate pollution (1< PLI< 2), 

heavy pollution (2< PLI< 3), and 

extremely heavy pollution (3< PLI) 

(Tomlinson et al., 1980). 

Water and sediment sampling 
Water and sediment samples were 

collected from six sites, namely S1 to S6, 

used by the local people for domestic and 

agricultural purposes. Table 3 gives the 

characteristics of the sampling stations. All 

samples were collected during the period 

from February to June 2015 in three 

replicates in each sampling sites. 

Table 3. Characteristics of sampling stations at 

NiL River basin 

Sites Characteristics of the study area 

S1, S2 
Located in the upper part of the river with 

small rural areas 

S3, S4, S5 

Located in the middle part of the river, 

featuring human and agricultural 

activities 

S6 
Located in the lower part of the river with 

low level of agricultural development 

 

All water samples were obtained using 

cleaned polyethylene bottles, which were 

washed with hydrochloric acid and then 

rinsed with distilled water. Subsequently, 

water samples were filtered through 0.45 

μm millipore filters, acidified to pH<2 with 

2 ml HCl (6N) and transported to the 

laboratory for analysis (APHA, 1998). 

The sediment samples were taken from 

each site, using plastic sampling utensils 

and latex gloves to avoid sample 

contamination with metals. Immediately 

after the collection, the samples were 

placed in polyethylene bags, refrigerated, 

and moved to the laboratory. Sediment 

samples were dried to a constant dry 

weight at 60°C, and sieved with a 63-μm 

stainless steel sieve. Generally, finer 

sediments contain more heavy metals than 

the coarser ones. This enrichment is mainly 

due to surface adsorption and ionic 

attraction (Szefer et al., 1996). For heavy 

metal analysis, 0.1 g of dry sample was 

digested using 10 ml HCl-HNO3-HF. 

Details about the procedure for the 

digestion were described elsewhere (Bai et 

al., 2011). The solution was finally diluted 

to 25 ml with deionized distilled water. 

RESULTS AND DISCUSSIONS 

Heavy metal concentration in water 
Table 4 shows the concentration of 

cadmium, lead, zinc, and copper in water 

from each station. 
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Table 4. Mean concentration of metals in the Nil River water compared to Background concentrations 

and selected rivers in the world 

Sites Cd (µg.L
-1

) Pb (µg.L
-1

) Zn (µg.L
-1

) Cu (µg.L
-1

) 

S1 0.01±0.002 0.60±0.03 0.27±0.05 0.060±0.003 

S2 0.13±0.003 0.51±0.02 0.34±0.03 0.064±0.005 

S3 0.51±0.002 0.69±0.01 0.47±0.05 0.071±0.002 

S4 0.72±0.004 0.78±0.05 0.57±0.07 0.083±0.003 

S5 0.61±0.002 0.54±0.03 0.41±0.02 0.057±0.004 

S6 0.14±0.003 0.36±0.04 0.21±0.03 0.035±0.005 

Mean 0.32 0.58 0.38 0.061 
a
 Background concentrations, 

world average 
0.02 0.2 10 1.0 

b
Shur River 0.026 0.116 0.688 0.771 

c
 Rivers of Latvia 0.02 0.20 10.0 1.0 

d
Boriganga River, Bangladesh 5.3 476.5 835.5 231.5 

e
Almandes River, Kooba 2.50 93 262 158 

a  Klavins et al. (2000),  
bKarbassi et al. (2008) 
cWang et al. (2011) 
dMohiuddin et al. (2011) 
eOlivares-Rieumont et al. (2005) 

Results showed that the concentrations 

of heavy metals in water fluctuate a lot, 

with the mean concentration of these 

metals decreasing in the following order: 

Pb> Zn> Cd> Cu. 

Generally, the highest mean 

concentrations of Cd, Pb, Zn, and Cu in 

water appeared at sites S3, S4, and S5, while 

the lowest mean concentrations belonged to 

sites S1, S2, and S6. Discharge of sewage 

and poultry waste- largely in an untreated 

form- may be the most likely causes of 

elevated levels of these metals in water (Tao 

et al., 2012; Kansal et al., 2013). 

To better understand the status of heavy 

metals in the study area, these pollutants' 

concentrations were compared with those 

reported in other rivers of the world (Table 

4). The mean concentrations of Cd and Pb 

were higher than Shur River (Karbassi et 

al., 2008) and Rivers of Latvia (Wang et 

al., 2011), but lower than Boriganga River 

(Mohiuddin et al., 2011) and Almandes 

River (Olivares-Rieumont et al., 2005). 

The concentrations of Zn and Cu were 

below that of Shur, Rivers of Latvia 

Boriganga, and Almandes Rivers. 

In order to assess the potential 

hazardous impacts, the heavy metal levels 

in water were compared with Background 

concentrations (Klavins et al., 2000) (Table 

4), with this comparison indicating that Cd 

and Pb may be the major pollutants in our 

case, thus more attention should be paid to 

these heavy metals, since they may have 

main impacts on the river sediments and, in 

turn, on organisms and humans. 

Heavy metal concentration in sediment 
Table 5 shows the mean contents of the 

total Cd, Pb, Zn, and Cu in surface 

sediments along Nil River. 

According to Table 5, the mean 

concentrations of Cd, Pb, and Zn in river 

sediments greatly exceed the background 

levels (except for Cu). Generally, Zn 

showed the highest mean level, followed 

by Pb, Cu, and Cd. 
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Table 5. Mean concentrations of metals in the Nil River, compared to background values, selected rivers 

in the world and sediment quality guidelines (SQGs) 

Sites Cd (µg.g
-1

) Pb (µg.g
-1

) Zn (µg.g
-1

) Cu (µg.g
-1

) 

S1 1.10±0.20 66.0±1.14 75.0±3.80 30.0±2.20 

S2 2.24±0.11 49.0±2.30 87.0±2.95 35.0±3.11 

S3 2.90±0.40 69.0±3.21 110.0±4.20 43.0±1.70 

S4 3.10±0.20 89.0±2.81 125.0±3.25 50.0±3.14 

S5 2.80±0.10 54.0±3.21 95.0±4.30 42.0±2.83 

S6 1.80±0.31 42.0±2.18 85.0±3.22 33.0±1.81 

Mean (study area) 2.34 61.50 96.20 38.83 
a
Bangshi River (Bangladesh) 0.61 60.0 NA 31.0 

b
Gomti River (India) 2.42 40.33 NA 5.0 

c
Boriganga River, Bangladesh 5.3 476.5 835.5 231.5 

d
Almandes River, Kooba 2.50 93 262 158 

e
 Background 0.2 13 70 55 

f
SQGs     

TEC 0.99 35.8 121 31.6 

PEC 4.98 128 459 149 
aRahman et al. (2014) 

bSingh et al. (2005) 
c Mohiuddin et al. (2011) 

dOlivares-Rieumont et al. (2005) 

eKrauskopf and Bird (1995) 

f  Sediment quality guideline (MacDonald et al., 2000) 

Metal concentrations at different 

sampling stations varied, indicating that the 

spatial distribution of metal contamination 

is not uniform along the river. The highest 

concentration values of most of the 

elements appeared in sites S3, S4, and S5, 

located next to cultivated fields and the 

rural town of Chekfa. Thereby, pollution 

with these elements in the abovementioned 

stations could be due to agricultural 

disruption (use of fertilizer) and wasting 

domestic water in untreated form. For 

example, studies on fertilizers in Canada 

have shown that these products contain up 

to 3.5 mg/kg Pb (nitrogen-phosphate 

fertilizer) (Friberg et al., 1980). Moreover, 

Akpor et al. (2014) reported that Pb is the 

most common toxic heavy metal in waste 

water, forming a less mobile species that 

eventually precipitates on the bottom 

sediments (Laxen & Harrison, 1983). 

There are numerous reports on metal 

contamination in river sediments around 

the world. Comparing heavy metal 

concentrations in Nil River (Table 5) 

revealed that the extent of metal pollution 

for Pb and Cd in the study area was more 

or less similar to other rivers (Rahman et 

al., 2014; Singh et al., 2005). When 

compared to other rivers, the heavy metal 

concentrations of Zn and Cu were much 

lower in the Nil River (Mohiuddin et al., 

2011; Olivares-Rieumont et al., 2005).  

Sediment Quality Guidelines (SQGs) 
A general assessment of metal pollution 

was conducted by comparing the 

determined metal contents with sediment 

quality guidelines (SQGs) of the US EPA. 

Two consensus-based values were reported 

for each potential contaminant: (1) the 

threshold effect concentration (TEC), 

which is the concentration below which 

harmful effects are unlikely to be observed; 

and (2) the probable effects concentration 

(PEC), or the concentration above which 

harmful effects are likely to appear 

(MacDonald et al., 2000). 

Table 5 shows the TEC and PEC 

reference values for the sediments. In terms 

of TEC, the concentration of Cd, Pb, and 

Cu, with the exception of Zn, were above 
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the reference values in all sampling sites, 

suggesting that the concentrations of these 

metals are likely to cause harmful effects 

on the benthic fauna. In contrast, the level 

of heavy metals in all of the sediment 

samples of the Nil River were lower than 

the PEC. 

Pollution evaluation indices 
Table 6 offers the calculated Igeo of the 

metals in the sediments as well as their 

corresponding contamination intensity. On 

the basis of the mean values of Igeo, 

sediments are enriched for metals in the 

following order: Zn> Pb> Cu> Zn. 

Table 6. Geoaccumulation indexes (Igeo). Contamination factors (CF) and pollution load indices (PLI) of 

the studied metals in the sediments of the study area 

Sites 
Igeo PLI 

CF 

Cd Pb Zn Cu Cd Pb Zn Cu 

S1 1.88 1.76 -0.48 -1.46 2.25 5.5 5.07 1.07 0.54 

S2 2.91 1.33 -0.27 -1.24 2.39 11.2 3.76 1.24 0.63 

S3 3.28 1.82 0.07 -0.94 3.24 14.5 5.31 1.57 0.78 

S4 3.38 2.19 0.25 -0.72 3.63 15.5 6.84 1.78 0.91 

S5 3.23 1.47 -0.14 -0.98 2.77 14.0 4.15 1.35 0.76 

S6 2.59 1.11 -0.30 -1.32 2.14 09.0 3.23 1.21 0.60 

Total mean 2.87 1.61 -0.14 -1.11 2.73 11.61 4.72 1.37 0.70 

 
Negative geo-accumulation indices 

revealed that the mean concentration of 

heavy metals in the river sediment was lower 

than their respective background and 

reference values. The calculated Igeo values 

for Cu were constantly below zero. Based on 

the classification of Igeo, the totality of the 

Nil sediments were uncontaminated with 

respect to Cu (Igeo< 0). The Igeo values for 

Zn, calculated in the sediments, ranged from 

-0.48 to 0.25. Four stations (S1, S2, S5, and 

S6) had negative values, while the values of 

the remaining stations ranged between 0.07 

and 0.25, indicating the class 1 category, 

which reflected that sediments were 

unpolluted to moderately polluted with 

respect to Zn. The calculated Igeo values for 

Pb were constantly below 2, except for 

station (S4), which was slightly above 2. 

Based on the classification of Igeo, the 

majority of the sediment samples were 

moderately polluted with respect to Pb (1< 

Igeo< 2). In contrast, the Igeo values of Cd at 

sites S3, S4, and S5 were above 3, 

suggesting that these sites were heavily 

polluted. However, they were moderately 

polluted at site S1 and moderately to heavily 

polluted at sites S2 and S6, suggesting that 

the surface sediments can be considered 

contaminated with this metal. 

Both CF and PLI are widely used to 

evaluate the degree of heavy metal pollution 

in the sediments (Bhuiyan et al., 2010). 

Table 6 presents CF values for heavy metals, 

recorded at different sampling locations. The 

mean CF values for the metals in the study 

area appeared in the following sequence Cd> 

Pb> Zn> Cu. Results show that CF values 

for Cd, Pb, and Zn were above 1 (CF<1) 

probably due to agricultural and domestic 

use of water and discharge to the river 

without any pretreatment. However, CF 

value for Cu were below 1. 

The values of PLI were high in all the 

studied samples, varying between 2.14 and 

3.63, indicating heavy pollution, with 

regards to the sum of the studied metals 

(Table 6). Sekabira et al. (2010) reported 

that PLI> 1 indicated anthropogenic inputs. 

CONCLUSION 
Studying the distribution of heavy metals in 

surface water and the sediment from the Nil 

River suggests that the river is currently 

facing heavy metal pollution. The present 

study revealed that the concentration of 

heavy metals in water and river sediments of 
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Nil River is due to the anthropogenic 

influences such as domestic sewage and 

agricultural activities. In surface water, 

abundance of heavy metals in water were 

ranked as the following: Pb> Zn> Cd> Cu. 

Some heavy metals (Pb and Cd) exceeded 

background values, indicating that the water 

of Nil River is polluted with these heavy 

metals. In case of the sediments, abundance 

of heavy metals were ranked as what 

follows: Zn> Pb> Cu> Cd. However, all 

metal concentrations (with the exception of 

Cu) exceeded background values.  

The contamination factors (CFs) showed 

that contamination level of Cd was higher 

than other heavy metals in sediments, and the 

mean CF values for the metals in the study 

area followed the sequence CFCd > CFPb > 

CFZn > CFCu. The mean pollution load index 

(PLI), which was within the range of 2.14-

3.63, indicated heavy pollution of river 

sediments. The geo-accumulation index 

(Igeo) revealed that the pollution decreased 

in accordance to the following order: Cd> 

Pb> Zn> Cu, with Cd causing the most 

pollution and Zn and Cu, having nearly no 

pollution in river sediments. 

In order to protect the water and sediment 

from further contamination, it is 

recommended to design a monitoring network 

and reduce the anthropogenic discharges.  
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