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The risk of heavy metals is major environmental problem. The levels of
heavy metals enrichments in the sediments sampled from the Ichkeul
wetland streams system were determined using contamination indices: the
contamination factor (CF), geo-accumulation index (Igeo), and pollution load
index (PLI). The obtained data for the geo-accumulation index revealed that
sampled sediments are unpolluted for Fe, Zn, Mn, Ni, Cu, and Cr, while the
levels of Cd and Pb indicated a moderate to heavy contamination. A similar
profile was given by the data of the contamination factor. The pollution load
index showed low values in all studied samples, ranging between 0.45 and
1.35. The non-metric multidimensional scaling (NMDS) analysis highlighted
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three main groups suggesting that they derived from same sources.
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INTRODUCTION

In aquatic environments, heavy metals exist in low levels,
mainly because of the soils and their associated bedrocks
weathering (Sabo et al., 2013). Their levels increase due to
natural or anthropogenic processes. In excess, they lead to
serious problems for environment and biota, especially
persistent, toxic and non biodegradable ones (Dong et al,,
2011; Messaoudi et al,, 2009). The sedimentary component
was considered since the measurement of such pollutants
in the water component is not conclusive owing to the
water discharge changes as well as the low resident time
(Forstner and Wittman 1983). Metallic residues in polluted
ecosystems can be accumulated in aquatic organisms; they
can reach the human food chain and lead to health effects
(Deniseger et al., 1990; Cook et al., 1990; Yang et al,, 2013).
Sediment component has ecological interest since it is
reservoir for various pollutants. It also maintains the
trophic status of aquatic habitats (Singh et al.,, 1997). The
geographical distribution pattern of heavy metals results in
some adaptive combinations of breeding strategies,

nutrition and/or space occupation, likely to be encountered
in several habitats, given their environmental variables,
where any disturbance of the stream mosaic will lead to
alterations in structure and species richness of the
biocenosis (Usseglio-Polatera 1997). The aim of the study
was to assess the level of heavy metals (iron (Fe), zinc (Zn),
cadmium (Cd), nickel (Ni), Manganese (Mn), chromium
(Cr), lead (Pb), and copper (Cu)) in sediments from selected
streams of the Ichkeul basin (Northern Tunisia), a wetland
area of interest for its hydrological value (it is connected
with the Mediterranean Sea via the Tinja Channel, so it
receives salt water during the summer and flows in the sea
during the winter due to the fluvial freshwater input;
Bejaoui et al. (2008) and its important wildlife (Morgan and
Boy 1982; Touaylia et al., 2013). This water body is under
preservation (e.g. on the RAMSAR Convention List, Man
And Biosphere (MAB) as a Biosphere Reserve, and the
United Nations Educational, Scientific and Cultural
Organisation (UNESCO) in the World Heritage List). The
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Figure 1: Map of the Ichkeul Lake basin showing the sampling sites with their decimal coordinates:

Morra (37°14'30.41"N 09°42'42.99"E), Douimis (37°12'3.51"N 09°37°26.59"E), Kloufi (37°11'46.37"N
09°35'7.36"E), Sejenane (37°11'36.83"N 09°34'45.02"E), El maleh (37°6'22.66"N 09°32'24.93"E),

Ghezela (37°09'41.98"N 9°42'39.80"E), Joumine (37°1'48.30"N 09°39'47.84"E), Tinja (37°09'37"N
9°45'51"E) and Ichkeul Lake (37°13'94.62"N 9°66'54.18"E)

explored ecosystems are of concern for their ichtyofauna
and freshwater resources, part of the human food web. The
objectives of the survey were (i) to assess the levels of
heavy metals in the sediment component from the Ichkeul
basin, (ii) to determine their origins
(anthropogenic/natural) using statistical ordination, (iii) to
analyse the heavy metal contamination of the streams using

pollution descriptors, and (iv) to highlight their potential
risk, considering the quality of sediments.

MATERIALS AND METHODS

Study sites and samples collection

Sediments were sampled from nine sites belonging to the
main tributaries of the Ichkeul Lake basin, located in
northern Tunisia (Figure 1). Investigated streams show
spatial heterogeneity in their main environmental variables
(water depth, water velocity, turbidity, mineralization and
substrate type), they are permanent and various in their
vegetation cover (Touaylia et al, 2013). The high flows
were recorded from February to April, whereas the low
flows occurred between August and October. The study
area is under sub-humid climate (annual total rainfall about

626 mm, temperature ranging between 6.9 and 31.6°C)
(NIM 2015).

Sampling was carried out in triplicates. At each sampling
site, three repeated bulk samples were collected. All
samples were collected at a depth of 0-20 cm. Sediments
were stored in glass jars at 4°C before being air-dried at
room temperature (25°C). After drying, stones, plant roots
and residues were removed with plastic tweezers. Samples
were sieved through a 2 mm mesh, homogenized and
stored until pre-treatment. 0.2 g of sediment sample was
digested using 4.5 mL 65% (m/m) nitric acid and 0.5 mL
30% (m/m) hydrogen-peroxide in a microwave digestion
unit (Mile stone 1200 Mega) for 5 min at 300 W and

subsequently 5 min at 600 W. Digested samples were
diluted to 25 mL with deionised water (Simon et al., 2013).

Chemical measurement

The measurement of the metal concentrations in sediments
was performed using an inductively coupled plasma optical
emission spectroscopy (ICP-OES, type Perkin Elmer Optima
8000, France). Blank reagents were monitored during the
analysis and helped in accrediting the analytical data. To

ensure quality control and accuracy of analysis, a standard

reference material IAEA-SL-1 (lake sediment ) was



simultaneously analyzed. The values for the reference
sediment go with the certified ones (accuracy <10 %)
(Ghannem et al., 2016).

Heavy metals enrichment and data treatment

Several indexes were considered to assess the metal status
for the sampled sediments: the contamination factor, the
geo-accumulation index and the pollution load index.

Contamination Factor (CF)

The sediment contamination can be assessed by the
contamination factor, suggested by Hakanson (1980) as
following:

C metal

C background

Where C metal is the metal concentration and C
background represents the mean background value of the
metal in sediment. The considered geochemical background
values of the investigated metals (Zn = 127, Pb = 20, Ni =
50, Cd = 0.2, Mn = 720; Cu = 32, Cr = 71 and Fe = 35900)
were earlier reported by Martin and Meybeck (1979). The
CF value may indicate low contamination (CF < 1),
moderate contamination (1 < CF < 3), mean considerable
contamination (3 < CF < 6) or very high contamination (CF
> 6) (Nasretal., 2006).

CF =

Geo-accumulation Index (Igeo)

The Geo-accumulation Index was introduced by Muller
(1969) for the assessment of the metal pollution of
sediments (Praveena et al,, 2007; Addo et al,, 2012). It is
expressed as follows:

)

1.5 Bn

Where Cn is the metal (n) concentration, Bn is its
geochemical background concentration (average crust),
and 1.5 is the background matrix correction factor,
introduced to correct eventual background value changes
related to the lithogenic effect.

The Igeo range for metals allows the assessment of the
sediment quality (Muller 1969): Igeo<0 (uncontaminated:
class 0); O<Igeosl (uncontaminated to moderately
contaminated:  class  1); 1<Igeo<2  (moderately
contaminated: class 2); 2<Igeo<3 (moderately to heavily
contaminated: class 3); 3<Igeo<4 (heavily contaminated:
class 4); 4<Igeo<5 (heavily to extremely contaminated:
class 5); and Igeo=5 (extremely contaminated: class 6).

Igeo = log,(

Pollution load index

The pollution load index, proposed by Tomlinson et al.
(1980), indicates the contamination detection through the
comparison of levels between sites. It is expressed as the
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concentration factor of each heavy metal, considering its
background value:

PLI = %/CF1 x CF2 xCF3...

where CF is the contamination factor; n, number of
metals. The pollution load index can indicate either no
pollution (PLI<1), moderate pollution (1<PLI<2), heavy
pollution (2<PLI<3), or extremely heavy pollution (3>PLI)
(Zarei et al,, 2014).

Data treatment

The data analysis follows the methods of standard
community analysis described by Clarke and Goreley
(2005) wusing “PRIMER 6" (polysmouth routines in
multivariate ecological research). The obtained data were
transformed (logx+1) and subjected to non-metric
multidimensional scaling (NMDS) ordination on the basis of
Bray Curtis similarity to simplify its interpretation and to
define the principal sources. A one-way analysis of variance
(ANOVA) followed by Tukey’s honest significance test was
employed to examine any statistical difference between
sampling sites. Correlation between the elements was
tested wusing Pearson’s coefficient with statistical
significance set at p < 0.05, obtained by the software
STATISTICA 8 (Zar 1996).

RESULTS AND DISCUSSION
Heavy metals levels

The metal levels in sediments are given in Table 1. The
obtained metals loads are as following: Fe> Mn> Zn> Pb>
Ni> Cr> Cu> Cd. The highest concentrations were recorded
in five sites (Sejenane, El maleh, Ghezala, Joumine and
Ichkeul Lake), receiving the most important flows and are
the less vegetated habitats. This fact makes easy the
transportation particles downstream. It is generally agreed
that plants are important part of the wastewater treatment
system via the uptake of considerable amount of nutrients
and metals sequestered in the biomass of Phragmites
australis (abundant species within the investigated
streams) and thus, available for harvest and removal
(Vymazal and Brezinova 2016). Regardless of primary
producers (epiphytes), aquatic benthic and pelagic
consumers (mollusks, crustaceans, and fish) accumulate
metals (Mendoza-Carranza 2016). Explored habitats are
heterogeneous in their biota richness and abundance, and
potential actors of such process.

Site-4 (Sejenane) is located downstream of an ancient
iron mine plant (actually not active) in a locality named
Tamra. Waters contain released heavy metals from plant
discharge into this tributary. This explains the relatively
high rate of Fe in its bottom sediment. The lowest metal
concentrations were observed in the sites Morra, Douimis,
Kloufi and Tinja, due to low anthropogenic activities
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Table 1. Heavy metals concentration (mg/kg dry weight) in sediments of the study sites

Sites Metals Zn Cd Pb Fe Cr Mn Cu Ni
Min 165 1.9 50.4 1383 9.4 204.1 5.5 13.1
Morra Max 194.3 2.4 61.5 32077 16.6 252 13.3 22.5
Mean 182.13 2.1 56.23 11618 12.33 22247 9.67 17.27
Min 163.3 1.2 21.7 1378 9.3 269.3 39 16.4
Douimis Max 205.2 1.5 68.6 32144 22.8 390.9 16.3 35.5
Mean 179.1 1.33 4593 1164233 15.17 3344 9.53 23.53
Min 166.8 0.8 15.9 1405 10.5 213.7 9.9 12
Kloufi Max 182.5 1 29.5 30520 18.7 329 10.3 25.8
Mean 168.2 0.9 24.1 11112 13.5 262.17 10.1 18.8
Min 133 34 37.7 1410 10.6 247 10.1 14.4
Sejenene Max 2234 3.6 1025 47866 30.3 672 17.6 49.5
Mean 176.83 347 79.07 16895.67 1737 39643 14.53 28.5
Min 128.3 35 49.5 1419 21.3 311.8 15.7 36.7
El maleh Max 231.2 3.7 62.4 32445 28.5 469 24.7 46.1
Mean 187.47 3.6 5627 1176433 2443 379.13 19.37 42.27
Min 1529 3.4 58.1 1386 17.1 306.2 13.7 15.4
Guezala Max 257.4 3.8 79.7 30261 25.5 399 22.8 42.6
Mean 202.4 3.57 68.03 11012 20.27 33893 17.27 29.2
Min 174.3 2.1 36.1 1384 17 168 15.4 33.2
Joumine Max 254.5 2.6 2106 32109 18.3 276.8 29.5 34.9
Mean 196.27 2.3 96.8 11631 17.53 23633 20.73 34.27
Min 3115 2.8 38.6 1366 10.7 139.7 5.6 14.9
Tinja Max 234.1 3 54.3 32135 23.2 309.2 19.9 44.8
Mean 271.3 2.9 44.9 11628 15.5 238.3 12.2 24.93
Min 195.2 1.7 45.1 1387 13 279.5 11 25.2
Ichkeul lake Max 230.2 2 91 32119 19.9 2928 16.6 30.9
Mean 21833 1.83 73.07 11636.33 16.5 284.1 134 2853
Crust average 2 127 0.2 16 35900 71 720 32 50
Le'an River (China)b 273.29 4.713 100.94 - 62.8 - 3915 3132
Kantra River 168.08- | 0.9- | 14.2- nd nd nd 42.73- | 21.4-
(Ras Jbel, Tunisia)¢ 682.31 4.8 | 79.28 205.15| 455
a(Martin and Whitfield 1983)
b(Chen etal. 2016)
¢(Gannem et al. 2016)
since human populations, inhabiting close area, were high affinities for iron and manganese hydroxides,

limited.
Geo-accumulation index

The data of computed geoaccumulation index (Ige,) values
are indicated in Table 2. This index categorises pollution
status in gradual classes of extent. The Iy, for Fe, Cr, Cu, Mn
and Ni indicated unpolluted sediment quality (class 0) for
all study sites. Zinc showed slight spatial variation (class 0
to 1) testifying unpolluted to moderate contamination. Cd
revealed moderate to heavy contamination (class 2 to 4)
whereas Pb was the most spatial heterogeneous element
ranging from unpolluted to heavy contamination (class 0 to
4).

These metals (Cd and Pb) are quickly and efficiently
associated with the sediment via adsorption onto surface
particles, hydrolysis and co-precipitation. The predominant
process for metals is usually adsorption since they have

particulate organic matter, and lesser extent to clay
minerals. They tend to be accumulated in sediments
(Rezayi et al, 2011). The observed distribution of the
considered heavy metals is, in part, due to the lithologic
type of neighbouring lands of these waterbodies. Sites
Douimis, Morra and Kloufi are surrounded by clay
dominant levels. Sites Joumine, El maleh and Sejenane are
close to irrigated agricultural fields loaded by organic
matter, also under impact of urbanized areas discharging
wastewaters. Only the city named Mateur (near Joumine)
had wastewater treatment plant, sometimes responsible for
discharges not respecting guidelines. Sites Ichkeul Lake and
Tinja can be seen as the last receptacle for transported
materials and pollutants, as the only outlet towards the sea.
A study carried out on Bortala River (China) by Zhang et al.
(2016) revealed geo-accumulation index (Igeo) values for
Cd, and Pb above 1, suggesting low to partial serious
pollution levels Cd exhibited the highest pollution level,
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Table 2. Geo-accumulation index for heavy metals concentrations in sediments from the Ichkeul streams system and
its grading classification. I-Morra, I[I-Douimis, III-Kloufi, IV-Sejenane, V- El maleh, VI-Ghezela, VII-Joumine, VIII-Tinja

and IX-Ichkeul Lake

Metals Sites Igeo range Ste(;il:g;?tl;’ts Metal Sites Igeo range S‘i;igllftl;ts
Pb I 1.07-1.36 Class 2 Ni [ (-2.52)-(-1.74) Class 0
II (-0.15)-(1.52) Class 0 to 2 11 (-2.19)-(-1.08) Class 0
I1I (-0.59)-(0.3) ClassOto 1 I11 (-2.64)-(-1.54) Class 0
\% (0.65)-(2.09) Class 1to 3 \Y (-2.38)-(-0.6) Class 0
Y (1.04)-(1.38) Class 2 ' (-1.03)-(-0.7) Class 0
VI (1.28)-(1.73) Class 2 VI (-2.28)-(-0.82) Class 0
VII (0.59)-(3.13) Class 1 to 4 VII (-1.18)-(-1.1) Class 0
VIII (0.69)-(1.18) Class 1 to 2 VIII (-2.33)-(-0.74) Class 0
IX (0.91)-(1.92) Class 1 to 2 IX (-1.57)-(-1.28) Class 0
Cr I (-3.5)-(-2.68) Class 0 Zn [ (-0.21)-(0.03) ClassOto 1
11 (-3.52)-(-2.22) Class 0 11 (-0.22)-(0.11) Class 0 to 1
111 (-3.34)-(-2.51) Class 0 11 (-0.29)-(-0.06) Class 0
I\Y% (-3.33)-(-1.81) Class 0 v (-0.52)-(0.23) ClassOto 1
\' (-2.32)-(-1.9) Class 0 \' (-0.57)-(0.28) ClassOto 1
VI (-2.64)-(-2.06) Class 0 VI (-0.32)-(0.43) ClassOto 1
VII (-2.65)-(-2.54) Class 0 VII (-0.25)-(0.42) Class 1
VIII (-3.32)-(-2.2) Class 0 VIII (0.3)-(0.71) Class 1
IX (-3.03)-(-2.42) Class 0 IX (0.04)-(0.27) Class 1
Ccd I 2.66-3 Class 3 Mn I (-2.4)-(-2.1) Class 0
II (2)-(2.32) Class 3 II (-2)-(-1.47) Class 0
I11 (1.42)-(1.74) Class 2 I11 (-2.34)-(-1.71) Class 0
I\Y% (3.5)-(3.58) Class 4 I\Y% (-2.13)-(-0.68) Class 0
\ (3.54)-(3.62) Class 4 \' (-1.79)-(-1.2) Class 0
VI (3.5)-(3.66) Class 4 VI (-1.82)-(-1.44) Class 0
VII (2.81)-(3.12) Class 3 to 4 VII (-2.68)-(-1.96) Class 0
VIII (3.22)-(3.32) Class 4 VIII (-2.95)-(-1.8) Class 0
IX (2.5)-(2.74) Class 3 IX (-1.95)-(-1.88) Class 0
Cu I (-3.13)-(-1.85) Class 0 Fe I (-5.28)-(-0.75) Class 0
11 (-3.62)-(-1.56) Class 0 II (-5.29)-(-0.74) Class 0
I (-2.28)-(-2.22) Class 0 I1 (-5.26)-(-0.82) Class 0
I\Y% (-2.25)-(-1.45) Class 0 I\% (-5.26)-(-0.17) Class 0
\ (-1.61)-(-0.96) Class 0 \% (-5.25)-(-0.73) Class 0
VI (-1.81)-(-1.07) Class 0 VI (-5.28)-(-0.83) Class 0
VII (-1.64)-(-0.7) Class 0 VII (-5.28)-(0.75) Class 0
VIII (-3.1)-(-1.27) Class 0 VIII (-5.3)-(-0.74) Class 0
IX (-2.13)-(-1.53) Class 0 IX (-5.28)-(-0.75) Class 0

while Pb displayed low to moderate pollution. Igeo values
for Ni, Zn, Cr, and Cu were less than 1, indicating no
pollution status.

The contamination factor (CF) and the pollution load
index (PLI)

The CF and PLI were used to assess the status of the heavy
metals in sediments (Bhuiyan et al., 2010). Similar profile of
sediment quality obtained by Igeo was recorded by the
determination of CF and PLI. The Fe, Cu, Cr, Ni and Mn
showed low contamination (respectively 0.04-1.33, 0.01-
0.71, 0.13-0.43, 0.26-0.99 and 0.19-0.93) for all studied
streams (Table 3). The Zn reaches moderate contamination
for the whole samples. The Cd had CF values (4-19) ranging
from considerable (Kloufi) to very high contamination (the

other sites). The Pb is represented by CF value varying from
low to very high contamination for elementary samples
(0.99-13.16). The computed mean value of PLI didn’t
exceed the unit (PLI < 1) for all sampled sites (Table 3).
However, several elementary samples had PLI value
indicating moderate pollution (1 < PLI < 2). Aydi (2015)
reported that the CF values for Cd were relatively high
(3.81) in the samples from Bizerte landfill soils whereas the
values of PLI were found to be low in all the studied
samples and varied between 0.16 and 0.7, indicating low
pollution status. Such finding can explain eventual close
contamination sources. Similarly, Sabo et al. (2013) found
considerable (3 < CF < 6) contamination for Cd in sediment
of the River Delimi (Nigeria) while the other metals (Cu, Pb
and Zn) showed low (CF < 1) contamination due to
dumping of domestic and industrial wastes into the river.



Int. Res. J. Public Environ. Health

Table 3. Contamination factors (CF) and pollution load index (PLI) of heavy metals in sediments from the

214

Ichkeul streams system. I, Il and III are considered replicates

Contamination factors (CF)

sites Samples Pb Cu Cr Zn Ni Cd Fe Mn PLI
[ 3.15 0.17 023 130 045 9.5 089 035 0383
Morra Il 3.84 042 015 153 032 12 0.04 029 0.60
111 3.55 032 013 147 0.26 10 0.04 028 0.53
[ 1.36 051 032 133 071 6 090 048 092
Douimis Il 4.29 026 019 1.62 0.37 7.5 0.04 054 061
111 2.97 0.12 013 129 033 6.5 0.04 037 046
[ 0.99 031 026 131 0.52 4 085 046 0.74
Kloufi Il 1.84 032 016 122 037 5 0.04 030 047
111 1.68 032 015 144 024 4.5 0.04 034 045
[ 2.36 050 043 1.05 0.99 17 133 093 1.35
Sejnnene Il 6.41 055 016 1.76 043 18 0.04 038 0.76
111 6.06 032 015 137 0.29 17 0.04 034 0.63
I 3.56 049 040 1.01 092 17.5 090 065 1.27
El maleh II 3.90 0.77 033 1.82 0.88 18.5 0.04 050 0.93
111 3.09 055 030 1.60 0.73 18 0.04 043 081
I 4.14 071 036 120 0.85 17 084 055 131
Guezala II 3.63 043 026 2.03 031 19 0.04 043 0.73
111 4.98 048 024 155 0.59 17.5 0.04 043 0.79
I 2.26 048 026 137 0.66 10.5 089 023 093
Joumine II 13.16 0.01 024 200 0.70 13 0.04 038 0.55
111 2.73 0.54 0.24 1.26 0.69 11 0.04 0.37 0.69
I 241 062 033 211 090 14 090 037 1.20
Tinja II 2.61 0.35 0.15 2.45 0.30 15 0.04 0.19 0.57
111 3.39 0.18 0.18 1.84 0.30 14.5 0.04 0.43 0.59
I 2.82 034 028 154 0.50 8.5 089 039 094
Ichkeul lake II 5.69 0.52 0.23 1.81 0.59 10 0.04 0.41 0.76
111 5.19 0.39 0.18 1.81 0.62 9 0.04 0.39 0.70
Mean 3.78 0.41 0.24 1.56 0.55 12.22 0.34 0.42 0.78
Table 4. Pearson’s coefficient correlations for all analyzed heavy metals
Metals Zn Cd Pb Fe Cr Mn Cu
Cd 0.2552
Pb 0.3379 0.3202
Fe -0.4454* -0.0519 -0.3744
Cr -0.2787 0.374 -0.1375 0.7277**
Mn -0.416* 0.2964 -0.0441 0.4925**  0.7336**
Cu 0.2033 0.4676*  0.5006** 0.0802 0.5357* 0.2158
Ni -0.2053 0.3515 0.0424 0.5747**  0.8965**  0.6106**  0.6981**

**Correlation is significant at the 0.01 level
*Correlation significant at the 0.05 level

Correlation matrix for analyzed heavy metals

A correlation matrix was performed to highlight
relationships between study metals and to define their
origins. According to the obtained data for Pearson
correlation (Table 4), a significant positive correlation
exists between the considered elements. Fe, a natural
lithogenic component, didn’t show significant correlation
with Cu (r= 0.0802, p>0.05), Cd (r=-0.0519, p>0.05) and Pb
(r= -0.3744, p>0.05), but was significantly correlated with

Zn (r=-0.4454, p<0.05), Cr (r=0.7277, p<0.01), Mn
(r=0.4925, p<0.01), Ni (r=0.5747, p<0.01), indicating that
they have a geogenic source. The observed significantly
correlation between Cr (r=0.5357, p<0.05), Cd (r=0.4676,
p<0.05), Ni (r=0.6981, p<0.01), Pb (r=0.5006, p<0.01) and
Cu testified that these metals derived from domestic
wastewater discharges.

The non-metric multidimensional scaling (NMDS)
ordination, established on the basis of Bray-Curtis
similarity, highlighted three main groups at 80% of



Touaylia et al. 215

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

2D Stress: 0 ||[metals
Zn
v Cd
Pb
& Fe
® Cr
Pb + Mn
X Cu
Zn 3k Ni
Mn Similarity
80

Figure 2: Non-metric multidimensional scaling NMDS showing affinity between heavy metals

similarity (Figure 2). The first group articulates around Cd
illustrating to have anthropogenic source, the second group
includes three elements (Cr, Cu, and Ni) demonstrated a
geogenic source with no evidence of anthropogenic
impacts, while the third group gathers the other
investigated heavy metals (Fe, Zn, Pb, and Mn). The
presence of Zn and Pb in this group would suggest possible
sources of industrial contamination (Ennouri et al., 2010).
This finding could mean that these metals have a common
anthropogenic source and have similar properties (Calace
et al,, 2005). The elevated values identified for Pb and Cd
might be related to human activities (wastewater
discharges) (Zarei et al., 2014). A similar profile of heavy
metals contamination was reported by Ghannem et al.
(2016) for Kantra River (Ras Jbel, Tunisia) under three
jeans fading industries: Lee Cooper, Denim authority and
CRJ.

CONCLUSION

The rate at which natural and anthropogenic (domestic)
wastes are released into streams of the Ichkeul wetland has
been of great concern. The study attempted to assess the
status of several heavy metals (Fe, Ni, Zn, Pb, Cu, Cd, Cr and
Mn) in the bottom sediments of the streams. High levels
were found due to wastewater discharged from an iron
mine plant located upstream (Sejenane) or domestic
wastewaters (Joumine, Kloufi, Ghezala and Ichkeul Lake).
The study showed that the total heavy metals
concentrations in the sediment samples in the streams
followed the order: Fe > Mn > Zn > Pb > Ni > Cr > Cu > Cd.
Useful indexes (Igeo, CF and PLI) were used to assess the
sediment quality in the Ichkeul stream system. These

descriptors highlighted similar profile about heavy metals
status (unpolluted sediment for Zn, Fe, Cu, Cr, and Mn
whereas Pb and Cd exceeded standard levels). Multivariate
analysis was performed and classified heavy metals in the
streams into three main groups of similarity. The first
group had a single element (Cd), a second group (Cr, Cu,
and Ni) and a third group (Fe, Zn, Pb, and Mn) including
metals probably derived from similar sources. The
recorded values for Pb, Zn and Cd are likely to be harmful to
organisms that live in the sediments (Varol 2011), thus, it is
strongly recommended in depth study should be performed
on the impact of heavy metals on the biota of the streams
and their distribution within such vulnerable freshwater
ecosystems. Sustainable development of the Ichkeul Park
requires monitoring (physico-chemical and biological) and
preservation of their components (forest, tributaries and
lake, subject of our survey) in order to save its biodiversity
and resources for human communities.
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