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Abstract: This study was conducted in order to fight against pollution of the environment. The study concerns river sediment of the
Seybouse River in northeastern Algeria. Northeastern Algeria is known for its various industries (steel, fertilizer, metal processing, etc),
and the sediment deposited by the Seybouse River, is probably polluted by heavy metals.

For this study, we used two protocols of digestion of sediments, the first, using a mixture of hydrofluoric acid and perchloric acid, and
the second, using aqua regia. The comparison of these two protocols will help us to find the best solubilization and thus facilitate the
extraction and determination of heavy metals in sediment.

Before determining the concentration of some heavy metals (Fe, Zn, Mn, Sn, Ni, Cr, Pb and Cu), we first analyzed parameters of
sediments such as pH and organic matter. We used atomic absorption spectrometry (AAS) to measure these heavy metals. The functional
groups characteristic of organic matter and particularly clays were identified by infrared spectroscopy.

The average concentrations of metals exceeded acceptable standards for sediment pollution with heavy metals. Maximum concentrations
in mg/kg respectively of the elements studied (Fe, Zn, Mn, Sn, Ni, Cr, Pb and Cu) were, respectively, 2460.20 = 74.8; 1140.65 + 38.2;
3.60+£1.2;1.20£0.5;16.80£2.6; 9.50+3.2;476.31 £21.6 and 145.15 £ 35.2. These results clearly show that the sediments deposited
by the Seybouse River are heavily polluted.

Keywords: heavy metals, Seybouse River, sediments, atomic absorption spectrometry (AAS), infrared spectroscopy (FTIR)

Air, Soil and Water Research 2012:5 91-101

doi: 10.4137/ASWR.S10081

This article is available from http://www.la-press.com.
© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Air, Soil and Water Research 2012:5 91

Downloaded From: https://complete.bioone.org/journals/Air,-Soil-and-Water-Research on 03 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://dx.doi.org/10.4137/ASWR.S10081
http://www.la-press.com
http://www.la-press.com
http://www.la-press.com/air-soil-and-water-research-journal-j99
http://www.la-press.com
mailto:louhiachour@yahoo.fr

Louhi et al

Introduction

The Seybouse River Basin extends over an area of
6.471 km?,islocated in the northeastern part of Algeria,
and has a permanent population of approximately
1.3 million inhabitants (Fig. 1). The river basin lies
within the territories of Wilayas of Guelma, El-Taref
(near Drean), and Annaba.

The river basin is bordered in the north by the
Mediterranean Sea, in the south by the Wilaya of
Souk-Ahras, in the west by Edough Massif, Lake
Fetzara, and in the east by Mafragh oued.

The effluents are torrential with irregular contours
and longitudinal tension. The river passes through
depressions of the Seybouse containing alluvium.
This allows the regulation of a large amount of winter
precipitation received by the chain of mountains.
When the river reaches the plain of Annaba, it loses
its energy and leaves behind a large load of sediment.
Geomorphological characteristics of the plain are
the gently sloping barrier of sand dunes and areas
prone to flooding to allow the river to flow easily into
the Mediterranean Sea.'™

In recent decades, industrial liquid wastes have
caused many problems for the environment. The
heavy metals from wastewater are for the most
dangerous when they manage to contaminate the
sediment. The pollution of the Seybouse River by
heavy metals in the vicinity of industrial facilities in
the region of Annaba has been frequently reported in
the literature.*® The hydrogeological context of the
region of Annaba could provide favorable conditions
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Figure 1. The map of studied area and sampling points.*®
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for the migration of pollutants into groundwater.
There has been little research on the soils of the rivers
of the industrial area of Annaba.

The origin of this pollution is related to social
development. Urbanization in the region over the
past 30 years has produced a considerable loss of
agricultural soils and urban green space. Urbanization
has also resulted in heavy traffic and, in particular,
increases in various types of industry, such as steel,
food processing, and chemical.

Most of the Seybouse River and its tributary
Meboudja are characterized as excessively polluted
mainly due to the intense industrial activity in the
river basin. The planned development of wastewater
collection and treatment systems should greatly
contribute to reducing pollution of sediments.

The presence of chemical and microbiological con-
taminants in sediments requires a control of quantity
and quality of sludge polluted rivers.”® Studies have
shown that the solubility of heavy metals depends
on properties such as soil type, pH, texture, organic
matter content, etc.”'”

The objective of this study was to evaluate the
concentrations of metals in river sediments of the
Seybouse River in the industrial area of Annaba. In
addition, this study has been conducted to compare
the concentration of heavy metals associated with
sediment samples using two protocols of digestion. In
addition, the determination of pH and organic matter
content will help us to the mechanism by which
exchange of metals in sediments.
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Materials and Methods

Study area

The Seybouse River lies northeast of Algeria. It
stretches south to the end of the Saharan Atlas,
then heads north ending in the littoral of Annaba
and flowing into the Mediterranean Sea (Fig. 1). It
spreads over a distance of 240 km, passing through
the territories of the wilaya of Souk-Ahras, Guelma,
Annaba and El-Tarf. Overall, the river extends over
the administrative boundaries of 68 municipalities
located in 7 wilayas. Its water resources are vital
for sustaining economic activities in the region. The
river runs through the plain Seybouse Annaba to join
Meboudja River in the industrial zone. This ensures
the emptying of Lake Fedzara.

The lake of Fedzara is the only significant aquatic
ecosystem in the region and recently acquired official
protection status through the Ramsar Convention.
The dimensions of lake are 1917 km from west to east
and 13 km from north to south, and the lake water is
characterized by high salinity.*

Industrial activities are very important in the
region and are mostly concentrated around the city of
Annaba. The most important industries are: iron and
steel complex of d’El Hadjar (ArcelorMittal), dairy
products (Orelait), metal processing (SN-Metal) and
phosphate fertilizer complex (Fertial).

There is increased competition among water uses
along the river. Overall, agriculture consumes more
than 70% of the available water, while the domestic
and industrial sector utilizes the remaining 30%. With
regard to ground water, nearly two-thirds are used for
irrigation and one-third is for domestic and indus-
trial use.

Land degradation is becoming a serious problem
in the area, and erosion is the main cause for siltation
problems in storage reservoirs. Furthermore, the
Seybouse River receives significant pollution loads
from many cities and industries.

Work conducted in our laboratory has shown that the
waters of the Seybouse River and its tributary Meboudja
contain a series of heavy metals. The solubility of
heavy metals is strongly influenced by the pH and E
of the water. Cations can precipitate in the sediments.*¢
Sediment contamination by heavy metals has become
an issue of growing concern for the environment.
Such contamination is often caused by human activities.

The formation of the aquifer system of the plain of
Annaba (Fig. 2) consists of Mio-Pliocene sediments.!!
This is an alteration of sandy clay, where there are
seven tanks of varying importance (Gaud),' the main
ones being the shallow aquifer and gravel. The first
is contained in sandy clay formations including sand
lenses. Compact gray clays constitute the bedrock.
These lenses are more common near the Seybouse
River and at the periphery of Numidian sandstone.
The groundwater is generally free, except in some
points of their captivity in levels of clays.

From the hydrogeological point of view, the river
flows through depressions containing an alluvial
water table.'”” These formations distinguish two
aquifers (Fig. 2), which communicate through the
Oued Meboudja, the superficial aquifer of Annaba
and the alluvial aquifer of high terraces."

Sampling and treatment

The samples were taken at different points in the
Seybouse River downstream area of industrial liquid
waste from the region of Annaba. These points,
denoted S1 to S4 (Fig. 1), are at varying distances from
each other: S1 to S2 are approximately 2.5 kilometers
apart, S2 to S3, approximately 2 kilometers, and S3 to
S4, approximately 4 km. S1: sediment near the steel
plant of El Hadjar (ArcelorMittal); S2: sediments
near rivers Seybouse and Meboudja; S3: Sediment
near the industrial zone of Meboudja where there are
small and medium enterprises and S4: sediment near
the phosphate fertilizer complex.

Sediment samples were collected at 1 meter
from the shore of the Seybouse River at a depth of
50 cm, avoiding the introduction of vegetation. Four
samples of 0.5 kg were collected from an area of
approximatively 1 m? (using a stainless steel scoop)
along the Seybouse River at sites S1, S2, S3 and

= L

Figure 2. Hydrogeology of the Seybouse River.

Notes: (A to B) (1) Pebbles and gravels, (2) sand, (3) numidian clay,
(4) cenomannian marl and marly limestone, (5) plio-quaternary destrital
clays, (6) metamorphic formations.
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S4 in November 2011 (Fig. 1). Sixteen samples were
collected in polypropylene containers (1 kg), carefully
closed to avoid any contact with air. The samples were
stored, where necessary, at a temperature of 4 °C to
prevent bacterial activity that could modify their
properties. For sample preparation analysis, we used the
NF X31-101 in order to have a representative fraction
of the raw sample for the experiments. The samples
were dried in an electric furnace at a temperature of
40 °C until the mass became constant. They were then
homogenized having been previously ground and
sieved through sieves of stainless steel = 2 mm mesh.
Therefore, all analyses were conducted using samples
prepared in this way.

Determination pH and organic

matter in sediments

The determination of the total organic matter content
was performed after dry combustion according to the
NF ISO 10694: The method is based on the transfor-
mation dioxide (CO,) from the total carbon present in
the sample. The carbon is oxidised to CO, by heating
the sediment to at least 900 °C in a flow of oxygen-
containing gas. The amount of CO, released is then
measured by gravimetry.

The pH of the sediment is an important parameter
for the existence of a phase; its speciation and toxicity
depend on the pH of the sediments. We used the
method described by NF X31-103. The procedure of
the method is the balancing of an ion mass of 10 g of
sediment. We added 25 mL of doubly distilled water
twice, stirred with a magnetic stirrer for 60 minutes at
an ambient temperature of 22 °C£2 °C. The suspension
obtained was left to stand for 2 hours protected from
the air. We then measured the pH using a pH meter.

Extraction of sediments

The extractions of sediments were performed on frac-
tions of size = 2 mm to ensure homogeneity of the
samples. The large particles of debris and gravel are
removed.

Methods of sequential extraction of metals
in sediment samples are widely described in the
literature,'*!” and have been the subject of much
criticism. For our study, we selected two extraction
systems described below: one using a mixture of
hydrofiuoric and perchloric acids and the other using
aqua regia. We determined using each the mean levels

in mg/kg of metals in the four samples from each of
the sites, S1, S2, S3 and S4.

Hydrofluoric-perchloric acids

The metal contents were determined according to the
PR NF ISO 14869-1 standard,'® that is, 0.5 g dried
sediment was moistened with 4 mL of doubly distilled
water in Teflon beakers and 10 mL of hydrofluoric
(HF) and 3 mL of perchloric (HCIO,) acids were
added to the sediment. The mixture was let to settle for
12 hours. The beaker was the heated at 150 °C during
2 h and then evaporated to near dryness. Digests were
diluted after filtration (0.45 wm filter) to 100 mL with
a 2% chlorhydric acid (HCI).

Aqua regia

Nitric and hydrochloric acids were used for the
mineralization of the residual fraction of sediment.'* '
For this work, we used the French standard NF X31-
415, ISO 11466. A 1.0 g sample of soil was treated
with 15 mL HCI and 5 mL HNO, and kept at room
temperature for 24 hours. The sample was then heated
in a sand bath on a hot plate to 50 °C for 5 hours and
then refluxed at 130 °C for 3 hours. The samples were
filtered, washed with doubly distilled water, and placed
in 50 mL volumetric flasks. In addition to the total
concentrations, metals were partially extracted from fine
fractions of sediment. Twenty grams of dry fine fraction
were put in contact with 50 mL of distilled water and
shaken at room temperature (25 °C) for 2 hours. The
extract was filtered and acidified at 1% with nitric acid.

Results and Discussion

Heavy metals in sediments are not fixed permanently;
the three parameters which influence the mobility of
heavy metals are: organic matter, soil texture and pH
of the mixture. They also change their speciation and,
consequently, their mobility.

Table 1 indicates that there is a direct correlation
between pH and organic matter content. At points
S1 and S2, the pH is 5.50 and 6.10 with an organic
matter content of 4.60% and 5.30% respectively.
This is explained mainly by the acidic liquid waste
from the steel industry in El Hadjar. The samples
from point S3 are basic (pH 7.80) containing 8.60%
organic matter. The samples from point S4 are close
to neutral (pH = 7.20) with 3.60% organic matter.
Sediment point S4 is far from the industrial area
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Table 1. pH and organic matter (average of 3 measures) in
the sediment of the Seybouse River in November 2011.

Samples S$1 S2 S3 S4
pH 5.50 6.10 7.80 7.20
(#0.1)  (£0.1) (£0.1)  (£0.1)
Organic matter 4.60 5.30 8.60 3.60
in percent (x0.4) (£0.3) (£0.5) (£0.2)

Note: Values in parentheses are standard deviations.

Meboudja, at about 4 km, and close to the release of
phosphate fertilizer complex (manufacture of nitric
acid and ammonia).

The effect of pH on the adsorption of metals has
been particularly studied. The results of Table 1 show
an increase in pH from the points S1 to S4, which may
contribute to the adsorption of the metal reducible
fraction of sediment (iron oxides and manganese)
after exchange of metal cations with H* on some sites
surface.

The evolution of levels of organic matter is not
important and depends on the industrial waste sector.
The highest value obtained in point S3 was near the
industrial area of Meboudja (Fig. 1). The lowest value
(3.60%) was at point S4 near the coast, which is due
to the sea, which removes organic debris, and also to
the sediment texture (coarse sand), which, in general,
fixes little organic matter.

The organic material is composed of carbonyl
functional groups such as phenolic, amine, etc.
Therefore, the surface charge of organic matter is
always negative, varies in intensity depending on the
pH of the medium, and comes from the dissociation

Table 2. Conditions for determination by AAS.46:1°

of functional groups. The organic material consists of
carbonyl functional groups such as phenol and amine.
Groups of R-COOH and R-OH contribute most to the
acidic nature of the organic material. Indeed, all the
metallic elements easily combined with organic mat-
ter and can form organometallic complexes. Their
presence and their activity depends on the chemical
nature of sediments.

In effect, all the metallic elements readily combine
with organic matter to form organometallic complexes.
Their presence and activity depend on the chemical
nature (geochemistry) of the geological components.

Determination of heavy metals

in sediments

Total concentrations of heavy metals (Fe, Zn, Mn,
Sn, Ni, Cr, Pb and Cu) were analyzed using atomic
absorption spectrometer (Shimadzu Corp., Japan,
AA-6200) with a system double beam, equipped with
hollow cathode lamps. The spectral range extends
at least from 180 to 900 nm.

Quality control was based on the use of standard
metal solutions and duplicate analysis (for the
fraction soluble in water). Condition standards for
the determination of metals are presented in Table 2.
The metal standard solutions purchased from Merck,
Titrisols, and company were used to validate the
analytical method. The blank and standards used for
calibration were tested periodically.

The determination of the metals studied was car-
ried out by atomic absorption spectrometry using an
air-acetylene flame. The experimental conditions of
assays are presented in Table 2.

Element Wavelength Supply current of Nature of flame Flow of test Atomization Rec. Det.
(nm) the hollow cathode solution (°C) Sens. Lim.
lamp (mA) (I/min) (ppm)  (ppm)
Fe 248.3 8 Air/C, H, lean 2 2450 0.05 0.006
Zn 213.9 10 Air/C, H, lean 2 2750 0.01 0.008
Mn 279.5 10 Air/C, H, 2,2 2800 0.02 0.015
stoichiometric
Sn 224.6 10 Air/C, H, luminous 2 2850 0.3 0.01
Ni 232.0 10 Air/C, H, lean 1,8 2850 0.04 0.002
Cr 357.9 8 Air/C, H, rich 1,8 2850 0.04 0.004
Pb 217.0 8 Air/C, H, lean 1,8 2450 0.008  0.001
Cu 324.8 8 Air/C, H, lean 1,8 2850 0.04 0.004
Air, Soil and Water Research 2012:5 95
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The study of interference during the analysis of
elements was performed. No serious interference in
air-acetylene flame was found for zinc. During the
analysis of nickel, high concentrations of iron and
chromium may increase the nickel signal. At doses
of manganese, silicon depresses the signal and this
effect is overcome by the incorporation of 0.2% of
calcium chloride in samples and standards. The total
chromium requires the elimination of the interference
of total iron by adding a solution of ammonium chlo-
ride to 2 g/L in samples and standards. Finally, for the
determination of iron, depression by silicon is reduced
by the addition of 0.2% of calcium chloride.**!” Our
results highlight relatively large amounts of Fe, Zn,
Mn, Sn, Ni, Cr, Pb and Cu, which require dilutions of
sediment samples.

The mean concentrations of Fe, Zn, Mn, Sn, Ni,
Cr, Pb and Cu in various sampling points are repre-
sented by Figure 3.

Statistical analysis

Levels (mean t standard deviation) of metals in
sediments from the Seybouse River are presented
in Table 3. The two extraction methods were

D 3000 a. HF/HCIO,
D 2500 - a b. Aqua regia
£ O
T 2000 - b =
° Fe
= 1500 -
£ 1000 | Na
[}] Y
g 500 Zn 5
S o ‘
S1 S2 S3 S4
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%‘_‘ b. Aqua regia
£ 15
5
= 104
©
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S o :

Sampling points

Concentration (mg/kg)

Concentration (mg/kg)

performed on the same samples. Analysis of metals
was carried out over several days. Each metal was
determined in samples (average of 4 measures).
Next, we determined the mean, standard deviation
(SD) and relative standard deviation (RSD). The
statistical calculation (Table 3) shows that in general
the results found by the two extraction methods were
similar; however, the extraction with the mixture
using hydrofluoric-perchloric acids generally have
better repeatability (SD [a] < SD [b]) and good
precision and reproducibility (RSD [a] < RSD [b]).
The comparison of two variances using the Fischer-
Snedecor law shows that F (calculated) < F (Table).
The value of the table: F (Table) = 9.28; P = 0.95
and o = 0.05, for a number of measurements (n = 4).
The difference between the accuracy of method a and
method b is not significant. It is therefore possible to
use either method.

To obtain the best conditions in an environmen-
tal study, it was necessary to compare the levels of
metal clay sediments from different regions.”*?
Table 4 summarizes some comparative data.

Iron is an essential element that can be toxic at
high concentrations; it was among the most abundant

I

a. HF/HCIO,
b. Aqua regia

3
>

-

o
o

S1 S2 S3 S4

Sampling points

500
450
400
350
300
250
200
150
100

a. HF/HCIO,
~ b. Aqua regia

)]
o o

S4

S3
Sampling points

S1 S2

Figure 3. Concentration of metals in sediments samples from four sites in the industrial region of Annaba, Algeria.
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elements in the sediments analyzed. The maximum
average content of about 2460.20 mg/kg in the sample
S1, represents almost twice the value of a natural,
uncontaminated sediment (Table 4). Its concentration
was below the levels found in sediments of the
Rhine, the Seine estuary and the lower Loukkos
River in Morocco. In the sample S4 it did not exceed
675.00 mg/kg, while in the S3 and S4 points, levels
were below 808.10 and 675.0 mg/kg. The longitudinal
profile (Fig. 1) shows that the iron content decreases
with increasing distance from the industrial area of
El Hajar and the ArcelorMittal steel complex.

Zn is an essential element at low concentrations
but causes a high acute toxicity levels. The maximum
content of zinc found in sediments of the Seybouse
River show was 1140.65 mg/kg recorded in the sam-
ple S1, while in the sample S4, the content did not
exceed 113.50 mg/kg.

Comparing the different levels found in the sam-
ples and the levels of natural sediments (Table 4)
shows that the concentrations found in all samples
greatly exceeded the natural levels. This reflects that
there is an medium contamination. The longitudinal
profile shows that the highest content was found in
the sample S1. This is related to various industrial,
agricultural and liquid discharges. At high concentra-
tions, Mn is harmful to the environment. Mn concen-
trations found in the sample S3 showed a maximum
value of 3.60 mg/kg eight times lower Mn concentra-
tions found in the sediments of the estuary of the River
Loukkos Morocco. The presence of this element in
the studied sediments is not tolerated.

Sn is a metal highly toxic to all living organisms.
The amount of Sn ranged from 0.10 mg/kg at point
S4 to 1.20 mg/kg at point S3. The accumulation of
this element in the sediment over time causes a risk of
contamination. Its presence is attributed to emissions
of industrial facilities at Meboudja (Fig. 1) from
metals (stripping, tinning, etc).

Ni is a highly toxic element even at low levels. The
levels of Ni found in the different samples showed
maximum values of 16.80 mg/kg at point S3. This
concentration causes a toxic risk to environments.
The minimum concentration of Cr found in sedi-
ments at Seybouse Riverat point S2 was 1.50 mg/kg.
This element presents a risk of pollution, especially
to point S3. As with Sn, Ni content comes from the
transformations of metals (pickling, tinning, etc).
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Table 4. Concentrations of heavy metals in various types of sediment in mg/kg.

Nature of the sediments Fe Zn Mn Sn Ni Cr Pb Cu
Unpolluted sediment?° 13200 44.3 - - - - - 16,6
Sediment of the Rhine (Germany)?' 32300 115 - - - - 30 51
Sediments of Seine (France)? - 80 - - 17 50 25 15
Estuary down Loukkos (Morocco)?
Mean (£SD), maximum values 29290 130,13 - - - 83.23 97.23 23,03
(£8,81) (£15,35) (£29,50)  (+41,68) (£7,71)
Our study 2460.20 1140.65 3.60 1.20 16.80 9.50 476.31 145.15
Mean (£SD), maximum values (£74.8) (£38.2) (x1.2) (x0.5) (x2.6) (£3.2) (£21.6) (£35.2)
(S1) (S1) (S3) (S3) (S3) (S3) (S4) (S3)

Cr is very harmful to living organisms. The
hexavalent form of Cr is the most toxic. The maximum
concentration of Cr found in sediments at Seybouse
Riverat point S3 was 9.50 mg/kg. The minimum level
was 2.00 mg/kg at point S4. This level represents
less than eight times the values found in sediments
of the estuary lower Loukkos River in Morocco
and less than five times the levels of sediments
from the Seine (Table 4). Despite its relatively low
level in the different samples of Seybouse River, it
represents a danger to the industrial region of Annaba
(Fig. 1). This content comes from liquid discharges
from the steel processing industry surface treatment
workshops. This content has harmful effects on the
environment.

Pb is a toxic metal generally present in small
quantities. In effect, the levels found in sediments at
point S4 were the order of 476.31 mg/kg. This amount
exceeds by nearly five times that of lower estuary of the
Loukkos River, which is in the range of 97.23 mg/kg.
It is about twenty times the levels found in sediments
of the Seine and the Rhine (Table 4). We consider
that the sediments of the Seybouse River are highly
polluted by Pb. This is linked with rural and urban
industrial centers, the large releases from steel plants,
canning, fumes from foundries and incinerators, the
exhaust gases of vehicles, and so on.

Cu is an essential element for all living organisms
but is toxic at high levels. Concentrations of copper
detected in the samples (S3) show a maximum value
which is the order of 145.15 mg/kg. This exceeds by
about seven times the levels found in sediments of the
estuary lower Loukkos River in Morocco. Unpolluted
sediments have a content of 16.6 mg/kg. Compared
with sediments of the Seine and the Rhine (Table 4),
we can say that the sediments in S3 are considered

polluted by Cu. The presence of this element in
sediments is derived from liquid discharges from
industrial sites in the area of Meboudja.

Maximum average concentrations of the metals
analyzed can be classified according to their
relative abundance in sediments (Fig. 3) as follow:
Fe > Zn > Pb > Cu > Ni > Cr > Mn > Sn. Several
parameters influence this order: sediment composition
(clay, organic matter, carbonate, etc), the nature of
pollution, the sources of pollution (anthropogenic
activity or natural), and so on. These values decrease
as one moves toward the coast (point S4) of Annaba.
There is no doubt that the very high concentrations of
certain metals found in the sediments analyzed are the
result of industrial and urban pollution. Air pollution
caused by different factors contributes significantly to
these results.

Infrared spectra of sediments

Infrared measurements were made with a Shimadzu
FTIR-8400S-(EC) infrared spectrophotometer. Spec-
tra of sediment samples were obtained using spe-
cial discs of potassium bromide (KBr) kept in a dry
atmosphere.

Figure 4 shows the FTIR spectra of sediment
samples S1, S2, S3 and S4. The study of the IR spectra
is based on many studies.”**® The peak at 3620 cm™
(samples S1, S2 and S3) is assigned to OH groups
(alcohols, phenols, organic acids). An intense band
at 3420 cm™ present in all samples corresponding to
the elongation of the molecular water adsorbed by the
inorganic material or by the KBr pellet. A less intense
peak 2509 cm™ is typical of calcite (samples S3
and S4). The two peaks of low intensity at 2345 cm™
and 2364 cm™ (samples S1, S2 and S3) correspond
to P—H vibrations from phosphorus.
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Figure 4. Infrared spectra (FTIR) of sediment samples in the Seybouse River at a depth of 50 cm and granulometry < 2 mm.

Aband around 1630 cm™ (all samples) is attributed
to olefinic and aromatic C=C, C=0 groups. Between
100 and 1100 cm™, two peaks of high intensities,
centers at 1070 cm™ and 1036 cm™ are assigned to
PO, (sample S3 and S4). We also note a characteristic
frequency of deformation of AI-OH at a little intense
peak at 914.20 cm™! (all samples). Stretching of C—S
appears at 690 cm™ (all samples). An absorption
band corresponding to two peaks around 480 cm™
and 560 cm™!, which are attributed to Si—O—Al"Y
and Si—O—Mg". It should be noted that there is a
series of bands between 900 and 500 cm™ which are
detectable in the spectrum of H,Si,0, hydrated silica.
This absorption is attributable to Si—O vibrations of
quartz and minerals clays found in the spectrum of
the humin. The study of the IR spectra shows that the
samples are analyzed for mineral composition and
organic. This is confirmed by the different spectra by
the absorbances at about 3620 cm™ and 3697 cm™
(Si—OH vibrations) which also correspond to the
vibrations bands of quartz and clays (illite, chlorite
and kaolite). In contrast, samples S1, S2 and S3, S4
are very similar for all absorption bands with some
differences in intensity. This result indicates that they
have the same basic chemical structure and are
characterized by the appearance of an intense band

between 1430 and 1440 cm™ that may correspond to
vibrations of CH, and CH, bonds. The spectra confirm
the presence of bonds particularly characterizing
clay type sediment.

The studied elements can accumulate in surface
sediments containing organic matter and clays. The
existence of functional groups, carbonyl (C=0),
alcoholic (OH), carboxylic (COOH etc) can cause
complexation of metal cations. The surface of clay has
variable loads due to the presence of hydroxyl groups
of silanol (—SiOH) and aluminol (—AIOH).?*3

The medium pH and organic matter can cause
heavy metal mobility. Sediment collected at points
S2 and S3 had a pH greather than 6, which can pro-
mote the complexation of metals. On the other hand,
a pH greater than 5 and a soil with organic matter
content of at least 5% favor the accumulation of lead.
Adsorb metals in soil according to mechanisms of
cation exchange in acid and chemosorption under the
influence of organic ligands in alkaline medium.?!

Copper is fixed preferentially to iron oxides,
manganese, clays and organic matter at high pH.*
Chromium VI is extensively converted to trivalent
chromium in soils and sediments under anaerobic
conditions and low pH (pH < 5). In the sediments
analyzed, the predominant form was chromium VI.
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Work showed that at pH = 6, Fe, Cu, Zn and Pb were
less mobile than Cr and did not migrate thoroughlyin
soil. Heavy metals can be partially desorbed by other
competing ions in water when their concentration is
sufficient. Second, the metals are selectively adsorbed,
iron hydroxides binds preferentially Zn, Cu, Pb, Hg,
and Cr, while aluminum hydroxide prefer Cu, Ni, Co,
Cr, Mo, and clays binds Zn, Cu and Pb.°

Conclusion

The results obtained in this work have allowed us
to evaluate the degree of metal contamination of
sediments in the Seybouse River. Preliminary work on
the different sediment samples allowed us to determine
the pH and the rate of organic matter. Digestion of
sediment samples using two protocols of digestion
is efficient for determination of heavy metals. The
results of assays are reproductible by AAS.

This study showed that, at a depth of 50 cm in
clay-like sediment, heavy metals were found in the
following maximum concentrations (mg/kg): Fe
(2460.20+74.8),Zn (1140.65+38.2); Mn (3.60+ 1.2),
Sn (1.20 £ 0.5), Ni (16.80 + 2.6), Cr (9.50 £ 3.2), Pb
(476.31 £ 21.6) and Cu (145.15 £ 35.2). These ele-
ments tend to accumulate in sediments containing
(8.60%) organic matter and pH = 7.80. Organic mat-
ter and pH of the medium can cause heavy metal
mobility. Sediment collected at points S2 and S3 have
a pH greater than 6, which can promote the compl-
exation of metals. On the other hand, a pH greater
than 5 and an organic matter content of less than 5%,
favor the accumulation of lead. In sediments ana-
lyzed, the predominant form was chromium VI. Met-
als can adsorb in sediment according to mechanisms
of cation exchange in acid and alkali chemosorption.
However, the metals studied tend to contaminate the
broad agricultural plain region of Annaba because of
pollution by agrochemicals, industrial effluents and
domestic sewage.
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