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Abstract

Concentrations of Fe, Cu, Pb, Zn, Cd and Ni were determined in the red alga Corallina officinalis
(Linnaeus, 1758), the green alga Ulva lactuca (Linnaeus, 1753) and sediment sampled in four sta-
tions of the coastline of Honaine (extreme Western Algeria). The abundance of metal concentra-
tions in algae and sediment samples, is in the following order: Fe > Zn > Pb > Ni > Cu > Cd. The
schematic representation by PCA reflects a strong correlation of the corallina with Cd and Pb, the
ulva with Zn and Ni and sediment with Cu and Fe, in addition, to homogeneity of rehearsals in each
matrix. The results of this study validate the use of these species as reliable tools for biomonitor-
ing of metal pollution of coastal ecosystems, even if the levels of heavy metals in sediment and al-
gae from the coastline of Honaine are in general, very low compared with those from other geo-
graphic areas and by guidelines.
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1. Introduction

Pollution levels in marine environments by heavy metals can be estimated by analysis of water, sediment and
marine organisms [1]. In this context, the chlorobiontes and the rhodobiontes have been studied extensively for
their potential use as bioindicators for metallic contamination [2], because they are able to absorb heavy metals
from water and sediment and to disseminate them within their cytoplasmic cells [3].
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Many studies focus on species of the genus Ulva, and numerous studies have concluded the trapping proper-
ties of metals in red algae and corallina precisely in as [4]-[6]. Furthermore, sediment is an indicator for the in-
vestigation of pollution by heavy metals because it consists of a mixture of organic and inorganic compounds [7].

In this study, concentrations of Fe, Cu, Pb, Zn, Cd and Ni in two species of algae Ulva lactuca and Corallina
officinalis in addition to sediment sampled on the coast of Honaine were determined by atomic absorption spec-
trophotometer flame and relations between biota and analyzed heavy metals have been evaluated.

2. Material and Methods
2.1. Sampling

Our choice fell on the coast of Honaine with four stations respectively from west to east: 1—Ouled Saleh; 2—
Lebsit; 3—Tafsout; and 4—Agla (Figure 1).

Biota sampling depends on their availability in the stations, where: Sediments were sampled from stations 3
and 4, the green algae from station 1 and 2 while the red algae were sampled from all stations.

2.2. Chemical Analysis

Upon arrival at the laboratory, algae are rinsed in doubly distilled water, cleaned of their epibionts and sediment.
Dried algae are then crushed and sieved (mesh < 63 um size). Samples of 1 g of sediment are attacked hot twice
by a mixture (2 ml HNO; + 6 ml HCI) until complete evaporation.

For algae, aliquots fractions about 0.875 g dry weight were digested with 5 ml of perchloric acid HCIO, at
80°C (1 h), the temperature is high at 150°C until complete evaporation, then subjected to an attack by aqua re-
gia (3 ml HCI + 1 ml HNO3) for 8 h. The digests obtained will be adjusted to 25 ml of doubly distilled water.

The determination of the six metallic elements (Fe, Cu, Pb, Zn, Cd and Ni) is achieved using an atomic ab-
sorption spectrophotometer flame (Al AURORA 1200; air-acetylene flame).

2.3. Statistical Analysis

The interstations and interspecies variability are evaluated by using the Student t test, ANOVAL and ANOVA2,
in addition to HSD Tukey’s test. Analysis of correlation between the parameters studied (stations and species) is
processed by principal component analysis PCA and dendrograms. The data have been processed using Mini-
tabv 16 software.

The following equation was used to calculate the biota-sediment accumulation factor (BSAF) [8].
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Figure 1. Location map of the study area and sampling stations.
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BSAF =C,, (dry weight)/C,,, (dry weight);

where Cgq is the concentration of heavy metal in organism and Csgq is the concentration of heavy metal in sedi-
ment.

3. Results

The results of chemical analysis in the samples of sediment and algae analyzed are presented in the following
tables:

Concerning sediment, Agla station recorded high Fe, Cu and Zn levels (Table 1), are significantly higher than
in Tafsout (Fe and Cu: p <0.01, Zn: p < 0.05). In contrast, U. lactuca and C. officinalis, and using the Student’s
t test and ANOVA 1, it was observed that the concentrations of metals in the same specie showed no significant
differences between the study sites (p > 0.05), which has been found by [11].

The comparison of the two species of algae and sediment by using ANOVAL and Tukey, shows significant
differences in levels for all tested metals (p < 0.01), resulting in the following accumulation orders of accumula-
tion:

Fe: Sediment >> ulva = corallina; Cu: Sediment > ulva = corallina; Pb: Corallina > sediment > ulva;

Zn: Sediment ~ corallina > ulva; Cd: Corallina =~ sediment ~ ulva; Ni: Corallina =~ sediment > ulva.

Furthermore, ANOVAZ2 (calculated between ulva and corallina on the one hand, and between sediment and
corallina on the other hand) demonstrates the absence combined effects “station” and “specie” to the averages of
the metal levels in both species and sediment for all metals (p > 0.05).

Calculation of biosediment accumulation factor for corallina show high values obtained for Cd, Pb and Ni
(BSAF > 1), the maximum value of BSAF (1.52) was observed for Cd, and the minimum value of BSAF (0.029)
for Fe.

Correlations between metals, calculated in sediment and the two algae were evaluated by the application of
the PCA. The eigenvalues of the PCA, the circle of correlation and factor maps are represented below (Figure 2
and Figure 3).

Examination of the factorial design and the dendrograms shows a positive correlation highly significant
(coefficient of the synergistic interaction between heavy metals) consisting in well correlated descriptors be-
tween them, it is the Fe-Cu pair in surface sediment, Pb-Cd in the corallina and Zn-Ni in ulva. These high corre-
lation coefficients in pairs (Figure 2 and Figure 3) raise the hypothesis of a common contamination, a homoge-
neous distribution, and/or a similar behaviour of these elements to the physicochemical process occurring in the
environment [12].

Thus, both sedimentary levels of Agla and Tafsout with similar chemical characteristics have tended to be
placed to positions nearby on the plane which bears almost all of the information (Figure 2 and Figure 3).

At the level of sediment, Fe and Cu, indeed, show a geochemical behaviour often close. It is interesting re-
vealing especially the correlation between Fe and Cu, which translates, in addition to their common origin [13].

The ulva for its part, its samples from the stations Ouled Saleh and Lebsit are on the same axis correlated with
Zn and Ni, which poses the hypothesis of a common source of these metals, which would probably be seawater.
This trend indicates that this pair of metals exist in regular proportions in plant tissues, probably as a result of
controlled accumulation process [14].

Furthermore, examination of the correlation matrix between variables (Figure 4), revealed the presence in the
corallina of a positive significant correlation between Cd and Pb which may have a common source which is

Table 1. Concentrations of heavy metals in sediments samples (average + standard deviation) expressed in pg-g * of dry
weight.

Concentrations x + S.D (ug-g ™)

Stations
Fe Cu Pb Zn Cd Ni
Tafsout 999.16 + 314.76 0.85+0.25 3.06 +4.41 0.72+2.04 0.36 +0.54 2.13+0.49
Agla 1406.25 + 423.29 1.11+0.2 2.78 £5.89 0.53+1.05 0.16 + 0.05 201+0.5
Guidelines” 40,800 30.8 26.0101 0.153 39.4

*

[9].
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Figure 2. Factorial design created by the first two axes of the principal components analysis
calculated from the metal concentrations of the different stations of the coastline of Honaine.
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Figure 3. Dendrogram (euclidian distances) obtained from the matrix of concentrations of
heavy metals in different biota studied (sediments, corallina and ulva) from coastal Honaine.
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Figure 4. Dendrogram (euclidian distances) obtained from the matrix of concentrations of
heavy metals in different biota studied (sediments, corallina and ulva) from coastal Honaine.
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sediment or seawater, on the other hand, a negative correlation between Zn and Pb in this alga, may indicate that
they are competing for the binding sites of the alga [15], or they are transported in these stations from different
sources and follow a pattern of distribution [16].

On the other hand, the trend of BSAF in Corallina officinalis was in the ordre: Cd > Pb > Ni > Cu > Zn > Fe.
The mean concentrations of heavy metals in this alga were generally lower than the sediment, except non-
essential elements Cd, Pb and Ni (Table 2).

4. Discussion

A tendency to an iron content higher than that of all metals was observed along the coastline of Honaine, in
agreement with other works on algae [17] [18]. Both algae and sediment from the Coast of Honaine accumulate
Fe in the sequence: Fe > Zn > Pb > Ni > Cu > Cd, this order is in agreement with finding of [19] in the intestine
of sea urchin Paracentrotus lividus from the same locality (Honaine coast). This could be due to the fact that
these species of algae are contained in the diet of the sea urchin.

According to [18], who showed that Fe and most other trace elements which are bioaccumulated in algal spe-
cies have a common source ambient sediment, which explains similar trends of metal accumulation in algae and
sediment.

In algae, iron is the most abundant heavy metal in their samples. The higher iron levels is located in the green
alga U. lactuca (69.31 ug-g ™" in Agla), while the red alga C. officinalis contains less Fe (34.94 ug-g™* average),
these results are in agreement with those found in the Black Sea [20].

Thus, the higher Fe concentrations recorded in sediment, especially in Agla may be related to the structure of
the silicates which form part of their major components [21].

The range of values for copper in Ulva lactuca sampled from uncontaminated sites is 0.1 to 3 pg-g * d.w [22],
while the values of heavily contaminated sites extend from 14 to 134 pg-g* d.w [22] [23].

Based on these data, the range of the copper levels recorded in U. lactuca indicates that stations Ouled Saleh
and Agla are in good ecological status for copper.

Among 11 species of algae, between other Corallina mediterranea, C. officinalis (red algae) and U. lactuca,
this last present the highest accumulation for Cd, Fe, Ni, Pb and Zn [6]. [24] demonstrate that ulva has been
proved to be the greatest accumulator of Cu. In our study, we were able to confirm these results for Fe and Cu,
only.

In this study, the red alga recorded the highest content of Pb (3.43 pg-g ') compared to green algae and sedi-
ment. This agrees with the results of [25] from Alexandria (Egypt); [26] from Ghazaouet for Corallina officina-
lis and [27] from Jijel on other calcified red algae: Corallina mediterranea and Jania rubens from Algeria. This
is may be due to the affinity of Pb to the calcified structures [28].

Indeed, the maximum value of Pb in sediment found in the station Tafsout (Table 1), may be related to the
presence of large amounts of calcium carbonate grains [29].

The mean levels of Zn at ulva vary between 2.81 and 3.54 pg-g ', while the range of mean concentrations of

Table 2. Concentrations of heavy metals in algae samples (average * standard deviation) expressed in pg-g* of dry weight.

Concentrations x + S.D (ug.g™)

Stations Species
Fe Cu Pb Zn Cd Ni
Corallina officinalis ~ 37.51 + 14.13 0.35+0.1 3.56 + 0.6 4.23+0.57 0.37+0.09 1.91+0.26
Ouled Saleh
Ulva lactuca 68.35 + 26.96 045+0.1 144+036 2.81+054 0.15+0.08 0.82+£0.17
Corallina officinalis ~ 17.78 +5.87 0.42 £0.19 329+048 4.89+0.61 0.36 +0.07 244 +£0.97
Lebsit

Ulva lactuca 69.31 + 22.82 046+0.1 2.2+0.76 3.54+0.78 0.16 £0.098  0.58 £0.29
Tafsout Corallina officinalis ~ 36.34 + 12.64 0.45+0.22 3.96 £0.85 531+3.28 0.45+0.23 236+15

Agla Corallina officinalis ~ 48.17+35.72  0.43+0.12 3.35+0.39 4.16+0.64 035+0.04 1.86+0.55
Guidelines” Guidelines” 497 23.2 0.574 128 0.0173 0.571
BSAF (C. officinalis) 0.029 0.42 1.2 0.9 152 1.033

“[10].
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zinc, announced in the algae from non contaminated sites is 0.5 to 23 pg-g * d.w [22], which explains the coas-
tline Honaine is not polluted at least for this metal.

Several authors found that Zn is easily accumulated by ulva compared with coralline [5] [7].

In this study, it is noted to the contrary, where a preferential accumulation of Zn Corallina officinalis relative
to Ulva lactuca, which is in agreement with the results reported by [6] [27].

In Lebsit, as in Kavala harboor (Greece) [30], where there is strong evidence of domestic wastewater, the
amount of Cd in both algal species is very low (0.15 pg-g ). Cd levels obtained in the corallina from the Tafsout
may be related to the abundance of this metal in sediment [31].

Mean concentrations of cadmium in sediment of the coastline of Honaine show a maximum value of 0.36
ng-g ' recorded in the station Tafsout. While in the station Agla, recorded content does not exceed 0.16 pg-g *,
this can be from the presence of a large amount of grains of calcium carbonate in sediment [29].

Metal concentrations in different species of algae can reflect their morphology, with those who have a larger
surface with more internal contents. Species with long lifespan (annual or perennial e.g. Corallina sp.) will have
the opportunity to accumulate metals to a higher degree. Growth rates may affect accumulation patterns: with
fast-growing algae (e.g. Ulva) are lower concentrations [4].

Because it may be due to the fact that the species Ulva is unable to integrate high concentrations of these met-
als. Alternatively, it reduces the toxicity of metals by a biochemical process [23], or by regulation of the cations,
which can have a mechanism by which the permeability of the cells to cations is reduced [32].

On the other hand, deficiency of essential elements Fe and Cu in Corallina officinalis can be explained by the
fact that the high percentage of carbonate of calcium in corallina algae causes a lower proportion of metabolic
tissues and a low metabolic rate [33], similarly, Corallina sp. was reported to show a lower metal values com-
pared to non calcified algae accumulation [7] [34] at least for Fe and Cu.

The BSAF is a parameter which describes the accumulation of sediment-associated organic compounds or
metals into tissues of ecological receptors [35]. In this study, the efficiency of metal bioaccumulation in Coral-
lina officinalis was evaluated by calculating the BSAF, which is defined as the ratio between the metal concen-
tration in organisms and that in the sediment [8].

The corallina accumulate higher concentrations of Cd than in the sediment, it is in agreement of finding of [26]
from Béni Saf (Algeria).

The mean concentractions of heavy metals in this specie were generally much lower than in sediment, except
Cd, Pb and Ni, which indicate that this metal is easily accumulated in C. officinalis. The calculated values of
BSAF for Cd, Pb and Ni are much higher than 1, suggesting a higher rate of accumulation of cadmium espe-
cially in this specie.

During present research, lowest value of BSAF was for Fe which is explained by higher levels of this metal in
the sediment.

In this case, water probably acts as an additional source of Cu, Zn and Fe in the corallina.

The metal concentrations found in sediment are below the maximum permissible doses, with the exception of
cadmium, which shows a high content compared to that established by [9].

Similarly in algae, the comparison with the standard norms leads to contents of Fe, Cu and Zn below interna-
tional standards, while the levels of Pb and Cd are higher than the standards set by [10].

5. Conclusions

The coastal ecosystem of Honaine presents several peculiarities related, firstly to its good ecological status, and
secondly, to its isolated position on a long side of all kinds of industrial and agricultural activity.

The process of accumulation of Fe, Cu and Zn in sediment is largely important compared with those relating
to both algae (ANOVA 1).

Corallina is an excellent bioaccumulative of Pb; however it recorded the minimum values for Fe and Cu an-
dremains in an intermediate position in the case of Zn. In the contrary, ulva is the weakest of biomonitors, in our
case.

The PCA allows a synthesis of all the data collected throughout the coast of Honaine. It is structured by the
presence of three distinct matrices (sediment, corallina and ulva), and that this presentation reflects the homo-
geneity of rehearsals, which ensures the absence of station effect on the distribution of metal contents.

Through the representation of the PCA and the dendrograms, there is a twinning correlation between Fe-Cu
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with sediment, Pb-Cd with corallina and Zn-Ni with ulva.

The assessment of metal bioaccumulation by these metals in these matrices studied revealed the absence of a
widespread metal contamination in all stations, compared to guidelines, which indicates a good ecological state
generalized the coastline of Honaine that can be described as reference area.
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