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Abstract

This study investigates the ecotoxicological evaluation of sediment contamination from west Algerian
Mediterranean coast (Oran harbour-Ain Franin).The toxicity of sediment and interstitials waters was estimated
using bioessays of acute toxicity with brine shrimp Arthémia salina. The bioessays reponses vary as a function
of matrix and study area. The highest contamined samples (Oran harbour) are more toxic than the less
contaminated samples (Ain Franin). The bioessay using interstitials waters was more sensible than those using
contact sediment. The purpose of this study is to demonstrate the interest of ecotoxicological approach for
assessing the quality of the coastal marine environment. The proposed approach is global, non-specific and
gives elements to compares the sites between them in terms of quality of sediments and provide elements for

classifying areas.
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1. Introduction

Sediments may act both as a sink and as a source of pollution [1]. Many pollutants can bind physically and
chemically with sediments and persist for long periods of time to become bioavailable depending under certain
hydrological conditions and exert adverse effects on aquatic organisms [2,3], sediment quality is crucial to the

health of an aquatic ecosystem [4].

The determination of the real toxicity of sediments in aquatic ecosystems is challenging and necessary for an
appropriate risk assessment. Different approaches have been developed and applied over the last several
decades. Currently, the joint implementation of chemical, ecological and toxicological tools is recommended for

an appropriate and successful toxicity risk assessment [5].

The aquatic environment usually represents the final destination of contaminants from problematic areas, where
they can affect local biota, directly or indirectly [6]. The importance of sediment in aquatic systems is their role
as supporting primary production as a substrate and a source of nutrients. This role is critical for organisms that
represent the first links in the food chain, which depend all other aquatic organisms. Sediments are also a habitat
and a source of organic matter for many burrowing and benthic invertebrates and benthic fish for a part of their
life cycle. Sediments are both reservoirs and potential sources of pollution in aquatic ecosystems for many
potentially toxic chemical pollutants for organisms [7]. For this reason, it is appropriate to monitor, evaluate and

protect to ensure the integrity of the structure and functioning of aquatic ecosystems [8].

The development of bioassays for the assessment of the toxic potential of contaminated sediments is in constant
evolution. These bioassays are generally used in the context of a battery. However, very few tools exist for the
integration of their results for the comparison of sites and the priorization of sediment management actions. This
study has been prepared in this context [9,10,11,12].

Several authors recommended the using of algae, crustaceans, insect larvae and fish as test species in aquatic
ecotoxicology [13,14,15,16,17,18,19].

The aim of this study was to evaluate by bioassays the effects of global contamination of superficial marine
sediment on a crustacean Arthemia salina including the time and the survival percentage as variables. The
results are compared with those of the control cultures. To assess the potential toxicity of a marine sediment
from two different sites in the Oran bay: (Oran harbour-Ain Franin) in controlled laboratory conditions the

contact sediment and interstitials waters exposure tests were used.

The results show that the both bioassays can be used to measure the global toxicity of marine sediment, they can
also be complementary. Bioassays applied to the interstitials waters are more sensitives than those applied on
the contact sediment, pore water tests may complement the whole-sediment toxicity, because benthic organisms
are exposed both to interstitials waters and sediment. According to the responses of organisms used, this work
allowed us to classify the Oran harbour as a more affected site than that of Ain Franin.
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2. Material and methods

The method used no specific, takes into account the total effect of these contaminants, interactions between
compounds, their bioavailability, regardless of their nature and concentrations. Due to the fact that organisms
differ in sensitivity to various substances, it is essential to select appropriate test organisms. It is important for
organisms to belong to different taxonomic groups and represent different links of the trophic chain [20].
Artemia is one of the most used species in toxicity assessment because of its ease of culture, low cost, and its
commercial availability in dry cysts.

2.1. Study site

In Oran bay, we selected two sampling stations (Figure 1):

Station 1: Oran harbour as affected site. These geographic coordinates (N 35° 42'663 "W 000° 39'320").

Station 2: Ain Franin (NOO ° 35'46'854 "W30 ° 768 '00") as a little impact site.

,;{;,* ’l‘f » .
Ain Franin

Figurel: Localization of sampling sites.

2.2. Collection, preparation of samples and mounting of bioassays

Our methodology following the chronological order of steps obviously start by:

A justified choice of sites and test organisms, culture of Artemia salina in controlled conditions of laboratory,
sampling of superficial marine sediments, recolt of interstitials waters, and finally mounting of bioassays.Two
sedimentary treatments were used for bioassays: Contact sediment and interstitials waters. A negative control,

consisting of artificial substrate (using kaolnite clay), and artificial sea water were used.
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2.3. Culture of Artemia salina in controlled conditions of laboratory

The hatching procedure followed the one described in ARC-test, standardized short-term toxicity test with
Artemia nauplii [21]. For test approximately 0.5 g cysts of brine shrimp A. salina was incubated in 500 ml
seawater in a cylindroconical tube at a temperature of 25 £ 1 C° and with lateral illumination by a light tube
(1000 Lux) during the test period. All cysts were kept in continuous suspension with aeration provided by a
small air tube extending to the bottom of the hatching device. After 18 to 24 hours, aeration was stopped and the
hatched larvae (instar I) were transferred to new petri dish, each petri dish had ten individuals of nauplii and
incubated at 25 C° for 24 hours, 48 hours and 72 hours. After 24, 48 and 72 hours from the start of the hatching,

all larvae would have moulted to instar 2 or instar 3 stages.

2.4. The sampling of marine sediment

Sediment samples (first 2 cm) were collected from the study area (Oran harbour, Ain Franin) in plastic
containers and transported to the laboratory. Sediment samples were visually checked and visible indigenous
fauna and debris (leaves, etc.) removed with forceps [8], where they were stored at 4 °C in the dark (protected
from light for two days, so let them settle). Following this settling, the supernatant was siphoned off, the

sediments were then sieved to 2 mm and homogenized and placed at 4 ° C before starting the tests.

2.5. Collect of interstitials waters

Subsequent studies have demonstrated the suitability of the interstitial water for conducting tests with aquatic
organisms such as gametes and embryos of sea urchins [22], benthic amphipods [23], fish embryos [22],
naupliis copepods [24], algal zoospores [25] and other agencies lending to miniaturized tests [26]. Since testing
interstitial waters employ a wide range of organizations and measure many effects parameters (including the
survival, reproduction, fertilization, growth, and genotoxicity). They generally have the advantage of being
faster, more sensitive and less expensive than trials with whole sediment using macrobenthic organisms.Pore
water for testing was isolated from the whole sediment by centrifugation (3000 rpm, 30 min.), filtered on a 0.45

Im filter, and stored in the dark at 4 C°, until bioassays were performed (maximum storage time: 1 week).

2.6. Toxicity test

Glass flasks, (250 ml and 5.5 cm in diameter), with 10 organisms each (after hatching), were used in all
treatments. The tests are conducted in 6 replicates. For contact sediment, organisms are contacted with overall
sediment from each sampling site. Sediment and overlying water were added on the day before starting the test.
Sediment was carefully placed at the bottom of the beakers and natural seawater was slowly added to minimize

sediment disturbance [16]. The control test is carried out on artificial sediment (kaolnite clay).

For the test on the interstitials waters, the same protocol is followed, agencies are placed in beakers filled with
interstitials waters. The control test was done on artificial seawater. In both bioassays, the survival rate of
Arthemia salina is recognized after: 24h, 48h, 72h, and 96h.
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3. Results and discussion

3.1. Contact sediment bioassay from Oran harbor

The monospecific test applied on the contact sediment reflects a disturbance after 48h which is due to a decrease
of survival rate percentage of Artemia salina to 40%, in contrast the control culture maintained a satisfactory
survival rates after 96h. Factors such as particle size distribution, organic carbon content (CO), salinity, and the
presence (or absence) of nutrients can potentially affect the toxicity test results undertaken on whole sediments

with benthic or pelagic organisms [27,28,29].
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Figure 2: Percentage of survival rate of Artemia salina in contact sediment bioassay of Oran harbour.

3.2. Interstitials waters bioassay of Oran harbour

For equal exposure period of both crops of Artemia salina to the porous water of Oran harbour and water
control, the results are differents. The effect of the potential toxicity of porous water causes a decrease in the
survival percentage of organisms used from 24 h of exposure (60%) while it was (80%) for the previous
experiment. Culture control using artificial seawater keeps almost the same Kinetics than the contact sediment

bioassay.

3.3. Sediment contact bioassay of Ain Franin

The comparison between both cultures of Artemia salina on the site of Ain Franin reflects a satisfactory survival

rate after 96h of exposure agencies to contact sediments.
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Figure 3: Percentage of survival rate of Artemia salina in interstitials waters bioassay of Oran harbour.
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Figure 4: Percentage of survival rate of Artemia salina in contact sediment bioassay of Ain Franin.

3.4. Interstitials waters bioassay of Ain Franin

The same experimental scheme is shown in porous water of Ain Franin, which shows a much less impact than
the harbour interstitials waters. Bioassays offer the advantage to demonstrate the presence of contaminants
undetected by chemical analysis, and which reflect the toxicity of the bioavailable fraction of contaminants.
Bioassays are the only tools that provide quantitative information on the toxicity of sediment. They take into
account all the contaminants that are present and allow discrimination contaminated sediment samples from

those who are not [30].
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Figure 5: Percentage of survival rate of Artemia salina in interstitials waters bioassay of Ain Franin.

3.5. Intra-site and inter-matrix comparison
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Figure 6: Intra-site and inter-matrix comparison (Oran harbour).
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Figure 7: Intra-site and inter-matrix comparison (Ain Franin).
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The intra-site comparison between responses species of the two matrices shows clearly that the tests applied to
the porous water are more sensitives then those using the contact sediment. This corroborates with the results of
many authors who argue that the bioavailable fraction of organic and inorganic contaminants in sediments is
mainly found in the porous water sediment. This phase is considered the main route of exposure to aquatic
organisms, pelagic and benthic by many authors [31, 32, 33]. Also, many bioassays are performed in aqueous
phase on the porous water sediment or elutriates (including assessing the impact of dredging and / or delivery

solution contaminants in the resuspension sediment [34].

3.6. Inter-site comparison for the same matrix: Contact sediment

Different exposure routes, modes of chemical action and different sensitivities may exist for benthic organisms
[35,36]. From an ecotoxicological perspective, various approaches (interstitiel water quality, spiked sediment
toxicity, tissue residue) were developed to detect the specific effects of chemicals on organisms living in
sediment, but only whole-sediment tests using benthic organisms are suitable for a realistic risk assessment of

the sediment compartment [37,38].

By comparing the survival rate of artemia in the same matrix (whole-sediment) of two sites in the Oran bay, it is
clear that the harbour area is more affected than Ain Franin area, this contamination can be a real source of
contamination for other coastal areas of the Oran bay in case of movement of superficial marine sediment or in

the case of resuspension.
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Figure 8:Inter-site comparison for the same matrix (Contact sediment).
3.7. Inter-site comparison for the same matrix: Interstitials waters
In the liquid phase of the sediment, also called interstitials waters, pollutants may be present in free form or

complexed with inorganic or organic ligands (humic, fulvic ...). They can also be transferred to the solid phase
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after precipitation reactions, substitution and / or adsorption on the particles. Even within these particles,
resuspension of processes eg barge traffic on the channels can also modify the association of these contaminants
to the solid phase [39]. Furthermore, the particles related pollutants can also pass into the liquid phase under the
effect of some chemical processes (desorption or dissolution of phenomena caused for example when pH
change) or biogeochemical (as the oxidation-reduction reactions caused by the bacteria). Finally, the distribution
of metallic elements in liquid and solid phases of surface sediments is closely related to the composition of the
particles, the bacterial activity and chemical reactions [39]. A parallel is drawn between the porous water
contamination levels of our two sampling sites, and survival results of our test species is actually lower in
contact with harbour porous water. This imperative reflects a higher pollution at the Oran harbour in opposition

to the Ain Franin site.
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Figure 9: Cross-site for the same matrix comparison: Interstitials Waters.

4, Conclusion

Sediment toxicity is difficult to address because of the interaction of the chemicals with the sediment, which
determines their bioavailability. The sorption strength of sediments may vary depending on the composition of
sediments and the organic matter content [40]. The purpose of this study is to demonstrate the interest of
ecotoxicological approach for assessing the quality of the coastal marine environment in order, firstly, to draw
up an environmental assessment by a non-specific screening technical and, secondly, to give another
opportunity for a long-term monitoring of sediment quality of the Mediterranean coast. The proposed approach
is global, non-specific and shows toxicity bioavailable xenobiotic molecules of the superficial sediment layer.
In this context we have chosen: To study the sediment compartment in his first 2 cm as a contact sediment

bioassays and interstitials waters.

Our choice is focused on survival test using as reference species Artemia salina has a broad distribution, a good

representation of the environment, economic interest and increased sensitivity to pollutants. The results obtained
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affirm us a present and even some pollution in the Oran bay; but this contamination is greater in harbour

sediments.

The use of two matrices (sediment, interstitials waters) in the bioassays allowed us to infer that the tests applied

to the interstitials waters (IW) are more sensitives than those using the contact sediment (CS).

Control cultures have maintained a satisfactory survival rate of agencies criminalizing the effect of the potential
toxicity of sediment sampled on our biological tool. The variety of contaminants on the coast of the studied area,
the diversity of sources of inputs and contaminant transport pathways, as well as the variety of methodological
approaches, make complex an environmental study on the scale of a large coast line. Using a holistic approach,
not discriminating against pollutants aligns the measures. Although different method is sensitivity according to
the contaminants, that interpretation is comprehensive and that the ecotoxicological approach is different from
the direct measurement of contaminants, the present study is consistent with results from the literature regarding
the contamination chemical. It compares the sites between them in terms of quality of sediments and provide

elements for classifying areas.
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