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Abstract 

The surface sediments of Seybouse River and its affluents have been studied and assessed to determine their degree of 
heavy metal contamination (Cd, Pb, Cu, Ni, Zn and Fe). The contamination factor (CF), the contamination degree (CD) and 
statistical tools (correlation and APC) has been used in assessing: metal contamination, sediment toxicity and to identify the 
origin of metals which have enriched the sediments. Heavy metals concentrations of sediments are generally heterogeneous 
and vary according to the metal and the sampling site. The results have been compared to the reference values of the unpol-
luted sediments and have shown that Seybouse River sediments are more contaminated by Pb, Cd and Zn respectively. CF 
values indicate moderate to considerable contamination for most stations. CD values show that the most toxic sediments are 
located mainly at the estuary and downstream of large agglomerations. The matrix correlation between the metallic ele-
ments shows a very strong correlation between Pb, Cd, Cu and Zn indicating that they have a similar source. These differ-
ent metallic elements appear as traces of anthropogenic pollution. Despite using wastewater treatment plants as protective 
measures, Seybouse River pollution is remaining a big issue and more efforts has to be done by local authorities. 
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INTRODUCTION 

Metallic contamination of aquatic environments has 
become a global concern over the world due to uncon-
trolled industrial and urban discharges, the intensive use of 
chemical fertilizers and pesticides in agriculture as well as 
the non-rational use of water resources. 

The contaminants that reach these environments con-
stitute always a major environmental problem. The con-
centration of most of contaminants rises sometimes up to 
levels which are very toxic. 

Among these pollutants, metal residues which are con-
sidered as serious pollutants that could affect the aquatic 
life as well as human health through the use of water (food, 
agriculture) [COOK et al. 1990; DENISEGER et al. 1990].  

Heavy metals from natural or anthropogenic sources 
released into an aquatic environment are largely trapped in 
sediments [SIN et al. 2001]. As a result, sediments are of-
ten used to assess the degree of pollution of aquatic envi-
ronments [BUGGY, TOBIN 2008]. 

In the catchment area of Guelma-Annaba, Seybouse 
River represents a fundamental source of life for these re-
gions and the water is used for domestic, industrial and 
agricultural purposes. These activities associated with ur-
banization and wastewater discharges without prior treat-
ment are the potential sources of heavy metals that threaten 
water quality of the Seybouse River. 

Many studies have already been carried out on the 
study area [ATTOUI et al. 2016; BOURHANE-EDDINE 2010; 
DEBIECHE 2002; KHALED-KHODJA et al. 2016; LARABA, 
HADJ ZOBIR 2009], indicating the main role of the indus-
try, agriculture and wastewater in the deterioration of water 
quality. The World Bank (1996) intervened to finance 
a study in the region, in order to control pollution at El-
Hadjar steel complex. According to the Ministry of Spatial 
Planning, Environment and City [Ministère de l'Aména-
gement du Territoire et de l'Environnement 2007], the pol-
lution reaches a high degree.  

With all these changes and important anthropogenic 
activities, these regions are aroused a strong concern and 
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growing interest to study its consequences on the water 
quality and the environment. 

It is in this context, this study has been conducted to 
assess the level of heavy metals pollution of Seybouse 
River through the analysis of sediments. 

MATERIALS AND METHODS 

STUDY AREA 

The Seybouse basin is located in the northeastern re-
gion of Algeria and covers an area of 6471 km2 and its 
lands are more fertile. Annual rainfall varies on average 
from 450 mm in the south to 735 mm in the North. The 
Seybouse River is formed near Guelma by the confluence 
of the Cherf River and the Bouhamdane River, it joins the 
Mediterranean Sea near Annaba (Fig. 1). 

SAMPLING 

The sampling area is spread out over the entire length 
of Seybouse, from the confluence (near Guelma) to the 
estuary (Annaba). 

The sampling points have been divided according to 
the strategic locations of the Seybouse River, downstream 
of the affluents, agglomerations and industrial zones likely 
to be the source of the pollution. The sampling campaign 
has been conducted in July 2015. 

A set of thirty-one stations has been considered in this 
study where eighteen among the Seybouse River and thir-
teen from its affluents (Fig. 1). In a plastic hand shovel, 
approximately, a quantity of 500 g of wet sediment is col-
lected in vacuum-sealed polyethylene bags and carried-out 
to the laboratory at 4°C. Then, the sediments are dried at 
105°C for 48 hours to eliminate moisture. After drying 
process, the sediments are ventilated, milled and sieved 
through the 63 μm sieve. Five grams of sediment are 
weighed and put in a 100 ml beaker with 70 cm3 of bi-
distilled water, 25 cm3 of nitric acid (HNO3) and 5 cm3 of 
hydrochloric acid (HCl), brought to a gentle boiling on 
a sand bath for 24 hours, allowed to cool and resumed by 
adding a few drops of 1 mol per l HCl. Next, samples are 
filtered using a cellulose membrane without ash, and then 
adjusted to 100 cm3 with HCl (37%) solution [AMINOT, 
CHAUSSEPIED 1983]. 

 

Fig. 1. Location of the study area and sampling stations on the Seybouse River and its affluents  
(Guelma – Annaba Basin); source: own elaboration 
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The trace elements (Fe, Cu, Zn, Ni, Cd, Pb) are ana-
lysed by flame atomic absorption spectrophotometer 
Thermo Electron Corporation MGF95Z series, with the 
hollow cathode lamp which emits the wavelength corre-
sponding to the analysed element (toxicology laboratory, 
National Institute of Forensic Sciences and Criminology 
(Fr. Institut National de Criminalistique et de Criminolo-
gie) in Algiers.  

RESULTS AND DISCUSSION  

The results reveal the presence of Cd, Cu, Ni, Fe, Pb 
and Zn in all sampling stations as shown in Figure 2. It can 
clearly be seen that the order of abundance is: Fe > Zn > 
Pb > Cu > Ni > Cd. The heavy metal concentrations have 
been compared to average reference concentrations in un-
polluted sediments [FÖRSTNER, SALOMONS 1980]. 

 
 

              

          

        

Fig. 2. Metal contents in the sediments of the Seybouse River and its affluents; a) Cd, b) Pb, c) Zn, d) Fe, e) Cu, f) Ni;  
sampling stations as in Fig. 1; source: own study 
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The concentration of Cd and Pb exceeds the average 
standard of reference of unpolluted sediments in the major-
ity of sampling stations (Fig. 2a, b). The values of Cd from 
0.219 to 4.158 mgꞏkg–1 exceed the unpolluted sediment 
limit (0.3 mgꞏkg–1), the maximum value is found on the 
affluent of the Meboudja River which drains wastewater 
from El-Hadjar steel complex and the industrial zone of 
Pont-Boucher. Similarly, for Pb, it varies from 21.82 to 
221.8 mgꞏkg–1 whereas the value of the unpolluted sedi-
ment is 30 mgꞏkg–1. Thus, only three values are below this 
limit while the maximum value is observed at the affluent 
of the Meboudja River. The significant concentrations of 
Cd and Pb are related to anthropogenic carried by the Sey-
bouse River and its affluents resulting in a general contam-
ination. 

The contents of Zn recorded in the sediments of Sey-
bouse River and its affluents show values ranging from 
58.8 to 235.2 mgꞏkg–1 (Fig. 2c). The maximum values are 
observed in station S10 (235.2 mgꞏkg–1) of Bouchegouf 
followed by station A11 (230.4 mgꞏkg–1) on the affluent of 
the Djefli River and station S15 (213.6 mgꞏkg–1) at Drean 
entrance. These values are significantly higher than the 
value of unpolluted sediments (115 mgꞏkg–1). 

Iron concentrations vary from 18 685 to 37 990 
mgꞏkg–1 where only in two stations have recorded values 
above the standard limit (32 350 mgꞏkg–1). The two sta-
tions are: A13 (37 990 mgꞏkg–1) located at the affluent of 
the Meboudja River, and S18 (33 120 mgꞏkg–1) at the Sey-
bouse River last station before the estuary (Fig. 2d). Both 
stations are located in the downstream of El-Hadjar steel 
complex reflecting its influence on river sediments con-
tamination. 

In contrast to these elements, the Cu and Ni contents 
do not exceed the limit for unpolluted sediment at all sta-
tions, ranging respectively from 7.09 to 45.41 mgꞏkg–1 and 
from 8.58 to 41.13 mgꞏkg–1, thus reflecting the geochemi-
cal background at all stations of the study area (Fig. 2e, f). 

The spatial distribution of trace metals shows relative-
ly high concentrations in both middle and lower basin and 
it is mainly located in the downstream of agglomerations 
and industrial sites.  

The most polluted areas in the Guelma basin are locat-
ed in: A3 (affluent of the El-maiz River), S6 (the Seybouse 
River) where the wastewater is coming from the residential 
city of Guelma and industry plants, S6 (the Seybouse Riv-
er) which wastewater is coming from Bouchegouf city.  

The most polluted areas in Annaba basin are: A11 and 
A13 where the wastewater is coming from Drean city and 
affluent of the Meboudja River, respectively. They are 
considered as the most polluted areas based on our analy-
sis. It’s main wastewater coming from the El-Hadjar steel 
plant and Pont-Boucher industrial plant. Finally, S18 rep-
resents the last sampling station of the river with the sea 

The analysis of the results points out the impact of an-
thropogenic carried by the Seybouse River and its affluents 
on the pollution within many areas. 

The contamination factor (CF) has been used to ex-
press the level of contamination for each metal in the sed-
iments where: CF = (metal content in the sediment)/(metal 
background). 

The background of the metal indicates the concentra-
tion of the metal (of interest) in the sediments where there 
was no anthropogenic input. Due to the lack of availability 
of the geochemical background in the Seybouse River sys-
tem and its affluents, specific concentrations are used as 
background to shale substrates defined by FÖRSTNER and 
SALOMONS [1980]. 

CF values are interpreted by HAKANSON [1980], 
where: 
CF < 1 indicates low contamination;  
1 < CF <3 is moderate contamination;  
3 < CF <6 is significant contamination;  
CF > 6 is very high contamination. 

The sediments of the thirty-one sampling stations in 
the Seybouse River and its affluents have CF in Cd and Pb 
almost all greater than 1. Therefore, enrichment or a con-
tamination by these elements exists and is considered ex-
tremely toxic for the fauna.  

Contamination is moderate to very high for Cd and 
moderate to significant for Pb. In contrast, Cu and Ni en-
richments are low. 

CF-Cu and CF-Ni never exceed the first class thresh-
old (CF < 1) resulting in low or insignificant contamina-
tion regardless of the sampling point. 

CF values for Zn and Fe are at least 1 in all the river 
measured stations and its affluents resulting in a low to 
moderate pollution for these two elements. 

The degree of contamination (CDi) is the sum of the 
CF. It allows the estimation of the a priori polymetallic 
contamination for each sampling point. It is calculated ac-
cording to the following formula:  

 CDi = ∑CFi    (1) 

This index is associated with four quality classes 
[HAKANSON 1980]: 
CD < 6 indicates low contamination,  
6 ≤ CD <12 is moderate contamination,  
12 ≤ CD <24 is considerable contamination,  
24 ≤ CD is very high contamination. 

The results in Table 1 show that polymetallic contami-
nation mainly of two or more elements. The CD results are 
under the threshold defined by HAKANSON [1980] leading 
to a very small contamination. It can be noticed that A13 
station (Meboudja) has a high contamination degree of 
26.688 related mainly to Cd and Pb. This situation can be 
explained by the wastewater coming from El-Hadjar steel 
plant, the industrial area of Pont Boucher and the surround-
ing residential areas. 

Two statistical methods have been used to complement 
the interpretation tools of the sediments obtained data. 
Pearson correlation matrix has been used to find out the 
relation between the metals on one hand. On the other 
hand, it has been used to verify the similarity of the origin 
of those metals in the sediments of the Seybouse River and 
its affluents (Tab. 2). A significant correlation exists be-
tween the metallic elements of Pb, cd, Cu, Zn and the Ni 
leading to the conclusion that they are from similar an-
thropic activity sources such urban and industrial wastes or 
the runoff of acidic agricultural soils with strong content of 
pesticides and mineral fertilizers  [N’GUESSAN 2008].  Iron  
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Table 1. The contamination factor (CF) and the degree of con-
tamination (CD) of sediments of the different studied stations 

Area 
Station 
code1) 

CF 
CD 

Fe Ni Cu Zn Cd Pb 

G
ue

lm
a 

ba
si

n 

A1 1.077 0.480 0.193 0.857 1.520 1.188 5.315
A2 0.931 0.378 0.326 1.098 1.377 1.737 5.847
S1 1.000 0.399 0.424 1.063 1.007 1.340 5.233
S2 0.996 0.200 0.374 1.439 2.410 2.049 7.468
S3 1.225 0.282 0.285 0.814 1.140 1.488 5.234
S4 1.044 0.534 0.481 1.094 3.040 2.674 8.867
S5 1.228 0.695 0.533 1.514 4.670 3.464 12.104
A3 1.008 0.484 0.367 1.577 6.070 3.858 13.446
A4 1.201 0.381 0.223 1.072 3.023 2.110 8.010
S6 1.509 0.402 0.817 1.816 5.170 3.684 13.398
A5 1.239 0.567 0.221 1.178 4.347 1.612 9.164
S7 0.877 0.397 0.159 1.149 1.393 1.274 5.249
S8 0.912 0.573 0.298 0.834 0.730 1.710 5.057
A6 1.090 0.543 0.195 0.563 1.770 0.647 4.808
S9 1.192 0.265 0.306 1.143 1.840 1.228 5.974
A7 1.099 0.336 0.243 0.641 3.090 0.917 6.326
S10 1.006 0.694 0.422 2.045 3.170 3.031 10.368

A
nn

ab
a 

ba
si

n 

A8 1.134 0.529 0.400 0.679 1.163 0.727 4.632
S11 0.900 0.187 0.139 1.482 2.853 2.654 8.215
A9 1.131 0.354 0.273 0.511 1.113 1.316 4.698
S12 1.136 0.419 0.259 0.727 0.840 1.512 4.893
A10 1.187 0.364 0.290 0.870 1.750 0.976 5.437
S13 0.944 0.375 0.259 1.776 4.043 1.918 9.315
S14 1.247 0.323 0.168 1.362 1.437 1.424 5.961
A11 1.118 0.618 0.420 2.022 6.023 3.809 14.010
S15 1.192 0.762 0.500 2.003 3.063 5.145 12.665
A12 1.000 0.593 0.416 1.523 3.187 2.694 9.413
S16 1.215 0.391 0.345 0.743 1.603 1.875 6.172
S17 1.149 0.490 0.324 0.697 2.037 2.052 6.749
A13 1.792 0.894 0.891 1.857 13.860 7.394 26.688
S18 1.554 0.504 0.495 1.476 7.173 4.219 15.421

1) Stations as in Fig. 1. 
Source: own study. 

Table 2. Pearson correlation matrix of metallic elements in sedi-
ments of the Seybouse River and its affluents. 

Element Pb Cd Cu Zn Ni Fe 
Pb 1      
Cd 0.861** 1 
Cu 0.775* 0.670 1 
Zn 0.748* 0.611 0.523 1 
Ni  0.646 0.561 0.570 0.408 1 
Fe 0.571 0.675 0.662 0.200 0.361 1 

Explanations: * the correlation is significant at the 0.05 level (bilateral); 
** the correlation is significant at the 0.01 level (bilateral).  
Source: own study. 

does not have significant correlation compared to other 
elements within the analysed area. Therefore, it has a litho-
logical source.  

Principal Component Analysis (PCA) identifies factors 
(measured parameters or sampling stations) that have con-
tributed most to the construction of the main components 
[MASSON et al. 2006]. This type of analysis often makes it 
possible to discover particular associations between pa- 
 
 
 

rameters or between sampling stations, thus giving clues to 
the processes of contamination of the sediments of the riv-
er or the origin of certain heavy metals. Both methods are 
employed using the XLSTAT 2017 software. 

The analysis of Figure 3, based on the representation 
of two factors (F1–F2), expressing 81.04% of the total var-
iability of the point cloud, corroborates the existence of an 
association between Pb, Cd, Cu and Ni. Moreover, the pro-
jection of the sampling stations (Fig. 3) made it possible to 
distinguish two groups: 
– group I represented by the stations A3, A11, A12, A13, 

S6, S10 and S18; all these stations are characterized by 
a considerable degree of contamination;  

– group II includes the rest of the stations with low levels 
of heavy metals. 

Despite using wastewater treatment plants as protec-
tive measures, the Seybouse River pollution is remaining 
a big issue and more efforts has to be done by local author-
ities. 

 

Fig. 3. Results of the principal component analysis for heavy 
metal values analysed in the Seybouse River sediments and its  

affluents; sampling stations as in Fig. 1; source: own study 

CONCLUSIONS 

The obtained results in this work allowed us to evalu-
ate and assess the Seybouse River heavy metal contamina-
tion in surface sediments. The heavy metal contents show 
enrichment by Cd, Pb and Zn. This inventory reflects the 
direct influences of the anthropogenic contributions con-
veyed by the Seybouse River and its affluents in its basins 
Guelma and Annaba. Cadmium and lead contamination is 
generalized and has affected all stations. 

Metallic contamination assessment indices (CF and 
CD) conclude that these high levels of heavy metals are 
predominantly anthropogenic. The significant positive cor-
relation observed between Pb, Cd and Zn metallic elements 
confirms that these metals have similar sources. These 
sources of metal pollution are related to the potential caus-
es and threats of pollution in the Seybouse River and its 
affluents and are closely related to the intense human activ-
ity. 
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Hanane TALBI, Slimane KACHI  

Ocena zanieczyszczenia metalami ciężkimi osadów w rzece Seybouse, Guelma – Annaba, Algieria 

STRESZCZENIE 

Analizowano powierzchniowe osady rzeki Seybouse i jej dopływów, aby określić stopień ich zanieczyszczenia 
metalami ciężkimi (Cd, Pb, Cu, Ni, Zn i Fe). Do oceny zanieczyszczenia metalami osadów i ich toksyczności oraz do 
identyfikacji pochodzenia metali, które wzbogaciły osady, wykorzystano współczynnik zanieczyszczenia (CF), stopień 
zanieczyszczenia (CD) oraz narzędzia statystyczne (korelacja i analiza głównych składowych). Zawartość metali ciężkich 
była zróżnicowana zarówno między metalami, jak i między stanowiskami badawczymi. Wyniki porównane z wartościami 
referencyjnymi z niezanieczyszczonych osadów wykazały, że osady rzeki Seybouse są zanieczyszczone ołowiem, kadmem 
i cynkiem. Wartości CF wskazują umiarkowane do znaczącego zanieczyszczenia większości stanowisk. Wartości CD 
świadczą, że najbardziej toksyczne osady zlokalizowane są głównie w estuarium i poniżej dużych aglomeracji miejskich. 
Wykazano silną korelację między zawartością Pb, Cd, Cu i Zn, co sugeruje wspólne pochodzenie tych metali. Analizowane 
pierwiastki metaliczne stanowią ślad zanieczyszczeń antropogenicznych. Pomimo ochrony wód przez oczyszczalnie ście-
ków, zanieczyszczenie rzeki Seybouse pozostaje nadal poważnych problemem, z którym powinny się zmierzyć lokalne 
władze. 
 
Słowa kluczowe: basen Guelma – Annaba, metale ciężkie, osady, rzeka Seybouse, zanieczyszczenie 

 


