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Abstract. This study investigates the pollution of Morocco's Mediterranean coastal zones
by trace metals, highlighting its significance due to detrimental impacts on marine
ecosystems and potential health risks through the food chain, exacerbated by the
expansion of coastal areas in recent years. It focuses on measuring concentrations of trace
metals such as copper, cadmium, lead, and chromium in the bivalve Mytilus
galloprovincialis and surrounding seawater across three sites along the northern Moroccan
Mediterranean coast. This research aims to evaluate metal bioaccumulation levels using
the Biota Concentration Factor (BCF). Seawater samples were examined using both flame
and graphite furnace atomic absorption spectrophotometry, while bivalve tissue samples
underwent analysis through Inductively Coupled Plasma Optical Emission Spectrometry.
Findings indicate that M. galloprovincialis significantly accumulates trace metals, with
concentrations in descending order: Pb, Zn, Cr, Cu, and Cd. Conversely, the seawater
metal concentration sequence was Zn, Cu, Cr, Cd, and Pb. The study applied BCF
thresholds from Regulation (EC) No 1907/2006 (REACH) and the US EPA's Toxic
Substances Control Act (TSCA), categorizing metals as "bioaccumulative" (BCF between
1000 and 5000) and "very bioaccumulative" (BCF over 5000). This distribution provides
insights into the toxicity and bioaccumulation of metals, underscoring the environmental
and health implications for the marine ecosystem and species like M. galloprovincialis.

1.Introduction

In recent decades, the rapid development of coastal regions globally, encompassing urban, industrial, agricultural,
and tourist expansions alongside various human activities, has significantly stressed marine ecosystems [1-3]. This
pressure is manifesting particularly in the form of trace metal contamination, posing a substantial challenge in
environmental toxicology [4-12]. Unlike organic pollutants, trace metals are persistent, not breaking down through
biological or chemical means, thereby accumulating in marine life or sediment, with potential re-release into the
food chain, and accumulating in marine organisms in toxic levels [13, 14].

While certain trace metals such as chromium (Cr), copper (Cu), and zinc (Zn) are critical for biological
processes in small quantities [15-22], their excessive presence leads to toxic effects, including disruption of
enzymatic activities and potential carcinogenic outcomes in humans [23-26]. Conversely, metals like lead (Pb)
and cadmium (Cd) are inherently toxic, even at low concentrations, with cadmium's accumulation in bioindicators
warranting close scrutiny [27-31]. The solubility of trace metals allows their easy absorption by aquatic organisms,
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leading to bioconcentration, bioaccumulation, and incorporation into the food chain, ultimately posing a risk to
human consumers [32-34].

Understanding and managing the risks associated with metal pollution in aquatic systems are thus crucial for
safeguarding human health [35-44]. Evaluating the bioaccumulative capacity of trace metals in edible organisms
offers a more accurate measure of water quality than chemical analyses of water and sediments alone [45-55]. In
this context, the Mediterrancan mussel, Mytilus galloprovincialis, serves as an effective bioindicator for
monitoring trace metal contamination in coastal zones, having been extensively researched both in natural settings
and laboratory conditions for its response to trace metal exposure [56-60].

This study aims to quantify the concentrations of key heavy metals (Chromium, Copper, Zinc, Lead, and
Cadmium) in the bivalve M. galloprovincialis and the surrounding seawater along the Moroccan Mediterranean
coast, employing the bioaccumulation factor (Biota Concentration Factor - BCF) to assess potential risks to human
health.

2.Materials and Methods
2.1. Study area.

Stretching between latitudes 35° and 36° North and longitudes 6° and 2° West, the Moroccan Mediterranean coast
extends approximately 512 kilometers from Cap Spartel in the west to the Morocco-Algeria border in the east.
This coastline is flanked by the Atlantic Ocean to the west, the northwestern Mediterranean near Spain to the north,
and the southwestern Mediterranean near Algeria to the east. The seabed along this stretch features highly irregular
depths and a markedly uneven bottom relief, creating a unique marine landscape.

Numerous bays dot the Moroccan Mediterranean shoreline, playing pivotal roles in both ecological
preservation and socioeconomic development. These bays provide tranquil environments essential for the
reproduction and growth of various species, including seagrass, fish eggs, and larval shellfish. The selected
sampling sites for this study are situated in areas influenced by diverse environmental factors, encompassing
agricultural lands, recreational zones, ports, industrial sectors, tourism hubs, and urban settings. These varying
contexts lead to pockets of water that are occasionally challenging to manage due to delays in water mass renewal.
This investigation focuses on three stations arrayed from west to east along this dynamic coastal region, as
illustrated in Fig. 1.

- Station 1 (S1): Bay of Tetouan, in North-West coast
- Station 2 (S2): Bay of Cala Ires, in Central North Coast
- Station 3 (S3): Port Ifti, in North-East Coast (Ifri)
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2.2. Choice of species Mytilus gallaprovincialis

Biomonitoring with mussels leverages the innate capacity of these organisms to absorb and concentrate chemical
pollutants in their tissues—a process known as bioaccumulation—reflecting the levels of these contaminants
present in the surrounding marine environment. Trace metal concentrations in marine waters are subject to
significant variability, influenced by both annual trends and seasonal changes. The degree to which biota
accumulate these metals is determined by various factors, including the metal's chemical properties, its affinity for
binding to specific substances, and the lipid content and composition of the organism's tissues.

The Mediterranean mussel, Mytilus galloprovincialis, is particularly favored for biomonitoring due to several
advantageous characteristics: its biology and bioaccumulation mechanisms are well-documented, it has a broad
distribution along the Mediterranean coast, and it exhibits a high tolerance for pollutant concentrations and
environmental physicochemical variations such as temperature and salinity. Additionally, the mussel's relatively
simple collection process and its foundational role in many marine food webs further underscore its suitability as
a bioindicator.

2.3. Sampling and sample preparation

Samples were collected in July following specific protocols. Only one sample was collected at each station.

e For surface water, multiple bottles were used for collection according to analytical requirements. The waters
were sampled at a depth of 20 cm. Samples were acidified with 4% pure nitric acid directly in the field and
then transported in a portable cooler maintained at +4°C. Upon arrival at the laboratory, a 50ml portion of
each sample was passed through a millipore filter with a pore size of 0.45um, and subsequently refrigerated
at the same temperature pending analysis.

e Mussel specimens were gathered from the coastal area, from the rocks located in the intertidal zone,
transported to the laboratory, and stored at -10°C until time for analysis. They were later thawed at ambient
temperature. The wet soft body was separated from the shell, noting that wet samples can introduce variability
in the measurements of metal concentrations due to standardization challenges. Therefore, the samples were
dried in an oven. Around 30 g of the dried mussel tissue was then treated with 10 mL of a mixture containing
30% hydrogen peroxide (H202) and 65% nitric acid (HNO3).

The digestion was performed using a Start D Microwave Digestion System (Milstone) fitted with an MPR SK-
12 retort, over a period of 1 hour and 30 minutes. This involved heating the samples to 190°C for 15 minutes after
a 15-minute period to reach the target temperature, followed by cooling down to 50°C. The digested samples were
cooled, transferred to a volumetric flask, and brought up to a volume of 25 mL with milliQ water for subsequent
analysis.

2.4. Metal Dosage

For the analysis of water, flame atomic absorption spectrometry is employed to quantify various metals. This
technique utilizes a direct measurement approach, where the sample (often in a diluted form) is introduced via a
nebulizer into the atomic absorption spectrophotometer's flame (Aubert & Pinta 1971). To minimize interference,
lanthanum chloride is added to an Air-Acetylene flame setup. The concentration of each metal is then precisely
determined using a calibration curve. The accuracy of these analytical methods is verified through internal controls
using standard reference samples (National Research Council of Canada: BCSS-1) and external validation via
participation in intercalibration exercises (I.A.E.A. 1987).

Analysis of prepared mussel tissue samples is conducted with an Inductively Coupled Plasma Optical Emission
Spectrometer (ICP-OES 720-ES). For each element being measured, two spectral lines are selected, and standard
calibration curves are generated with standard solutions (ICP standard, Fluka). To ensure the reliability of the
results, analyses of the mussel samples are interspersed with the analysis of standard and blank solutions to confirm
the ICP's accuracy in measurement. A 50 ppm yttrium solution (ICP standard, Fluka) serves as the internal standard
to further assure the quality of the analytical results.

2.5. Bioconcentration Factor (BCF)

Bioconcentration refers to the absorption of chemicals by an organism directly from the water. The measure of
this process is known as the bioconcentration factor (BCF). Geyer et al. have described BCF as the ratio between
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the steady-state concentration of a chemical in an organism (CB) (measured in mass of chemical per kilogram of
organism, on a dry weight basis) and the concentration of the same chemical in the surrounding water when it is
freely dissolved (CW) (measured in mass of chemical per liter of water):

BCF =CB/CW (1)

Under the guidelines of Regulation (EC) No. 1907/2006 (REACH) and the US EPA's Toxic Substances Control
Act (TSCA), trace metals are categorized based on their BCF values. Those with a BCF ranging from 1000 to
5000 are considered "bioaccumulative," while those with a BCF exceeding 5000 are deemed "very
bioaccumulative" (Table 1).

Table 1. Threshold values for the bioconcentration factor (BCF).

Regulatory act Threshold values

> 2000 = Bioaccumulative

> 5000 = Very bioaccumulative

US EPA Toxic Substances Control Act > 1000 = Bioaccumulative
(TSCA) > 5000 = Very bioaccumulative

Regulation (EC) No 1907/2006 (REACH)

3.Results and Discussions

Fig. 2 and Fig. 3 illustrate the concentrations of various heavy metals detected in seawater and mussels, providing
a comprehensive view of their presence in the marine environment.

In seawater, the concentrations of trace metals varied significantly, with chromium (Cr) levels spanning from
1.57 to 90.65 pg/L and averaging at 46.11 pg/L. Copper (Cu) exhibited a range from 8.26 to 90.5 pg/L, with an
average concentration of 49.38 pg/L. Zinc (Zn) showed a broader variation, from 19.08 to 250 pg/L, with the mean
concentration reaching 134.54 ng/L. Lead (Pb) presented the most considerable variation, ranging from 7.47 to
440 pg/L and an average of 223.735 ng/L. Lastly, cadmium (Cd) levels fluctuated between 0.28 and 29 pug/L, with
an average of 14.64 pg/L, as depicted in Figure 2.

These findings highlight the diverse concentration ranges of heavy metals in marine waters, underscoring the
complexity of monitoring and managing metal pollution within these ecosystems. The variation in concentration
levels not only reflects the dynamic nature of the marine environment but also emphasizes the need for continuous
monitoring to understand the patterns of distribution and potential ecological impacts of these trace metals.
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Fig. 2. Average Trace metal concentrations in superficial seawater in sampling stations.

Within the soft tissues of the mussel Mytilus galloprovincialis, the concentration of heavy metals varied as follows:
Chromium (Cr) was found in a range from 0.406 to 2.85 ug/g dry mass (DM), averaging at 1.83 pg/g DM. Copper
(Cu) levels fluctuated between 1.265 and 5.794 pg/g DM, with a mean value of 3.5295 pg/g DM. For Zinc (Zn),



BIO Web of Conferences 109, 01003 (2024)
WA2EN2023

https://doi.org/10.1051/biocont/202410901003

concentrations spanned from 24.435 to 162.2 pg/g DM, with an average concentration of 93.3175 ng/g DM. Lead
(Pb) exhibited a range from < 0.025 to 0.07 pg/g DM, with an average concentration of 0.0475 pg/g DM. Lastly,
Cadmium (Cd) was detected in a range from 0.014 to 0.77 pg/g DM, with an average of 0.392 pg/g DM, as depicted
in Figure 3.

These data highlight the range of heavy metal accumulations in Mytilus galloprovincialis, indicating the
species' exposure to and bioaccumulation of these elements within their marine habitat. The variation in metal
concentrations reflects both the environmental availability of these metals and the mussel's ability to concentrate
them within its tissues, providing valuable insights into the health of the marine environment and potential risks
to marine life and human consumers.
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Fig.3. Average metal concentrations Trace metals concentrations in soft tissue from Mytilus gallaprovincialis
from sampling stations.

The findings indicate a distinct pattern in the concentration of heavy metals in seawater and Mytilus
galloprovincialis mussels. In seawater, the levels of heavy metals (measured in pg/L) diminish in the sequence of
Lead (Pb) > Zinc (Zn) > Copper (Cu) > Chromium (Cr) > Cadmium (Cd). Conversely, within Mytilus
galloprovincialis mussels, the concentration of these metals (expressed in mg/kg of dry weight) follows a different
order: Zinc (Zn) > Copper (Cu) > Chromium (Cr) > Cadmium (Cd) > Lead (Pb). This variance underscores the
distinct bioaccumulation profiles and environmental distributions between the aquatic medium and the biota
residing within it.

The calculated bioaccumulation factors for the trace elements across different sampling stations, along with
their associated representative graphs, are presented in Table 2 and Figure 4, respectively. This arrangement
visually demonstrates the extent of bioaccumulation for each trace element and provides a clear comparison across
the various locations studied.

Table 2. Bioconcentration factor (BCF).

BCF (L/Kg) | Station1l | Station 2 Station 3
Cr 16.24 31.439 543.949
Cu 15 64.022 306.053
Zn 97.7 1802.222 1389.046
Pb 1.75 <0.056 7.228
Cd 12.3 26.551 50
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Fig. 4. Bioconcentration factor of Mytilus gallaprovincialis.

The biota-water bioaccumulation factor (BCF) for trace metals follows a decreasing sequence from Zinc (Zn)
to Chromium (Cr), Copper (Cu), Cadmium (Cd), and Lead (Pb). Regulatory guidelines highlight that Zinc is the
sole metal achieving a BCF greater than 1000 at both Cala Iris (station 2) and Ifri port (station 3), classifying it as
"bioaccumulative." In contrast, at other sampled locations, the BCF values for all other studied trace metals fall
below the defined regulatory thresholds for bioaccumulation.

The bioaccumulation of Zinc at the coastal station of Cala Iris may be related to the alluvial inputs from the
watersheds, the tools used in shellfish farming, or the port infrastructure. At the Ifri station, bioaccumulation may
be attributed to the port infrastructure as well as its proximity to the extinct volcano of Ras Tarf, where the
weathering of eruptive rocks (Andesites) can enrich seawater with Zinc. This necessitates establishing the rock-
sea water-biota relationship.

Furthermore, the significant differences in metal concentrations between seawater and bivalves within the same
station could be attributed to several factors: Bioaccumulation: Bivalves have the ability to accumulate metals
from their surrounding environment over time. This means that even if the seawater concentrations are relatively
low, bivalves can accumulate higher concentrations of metals within their tissues. Differential Metal Uptake:
Bivalves may selectively uptake certain metals more efficiently than others, leading to variations in metal
concentrations between seawater and bivalves at the same location. Metabolic Processes: Bivalves may also
undergo metabolic processes that can modify metal concentrations within their tissues. This could include
processes such as detoxification or excretion, which can result in differences in metal concentrations compared to
seawater. Spatial Variability: Micro-scale variations in environmental conditions within the same station, such as
local hydrodynamics or sediment composition, can lead to differences in metal concentrations between seawater
and bivalves. Sampling Techniques: Differences in the sampling techniques used for seawater and bivalves, such
as collection methods or analytical procedures, can also contribute to variations in measured metal concentrations.
Overall, the complex interactions between biological, chemical, and environmental factors likely contribute to the
observed differences in metal concentrations between seawater and bivalves within the same station.

4.Conclusion: Towards Innovative and Sustainable Water Management

The findings from this investigation reveal a nuanced landscape of trace metal distribution along the Mediterranean
coast, both in seawater and within the tissues of Mytilus mussels. Notably, there is a distinct variation in the
concentration of trace metals between these two environments. A key observation is the elevated levels of trace
elements found in Mytilus mussels as compared to the surrounding seawater, underscoring the phenomenon of
bioaccumulation where these organisms concentrate metals from their environment within their bodies.
Specifically, Zinc emerged as the sole metal identified as bioaccumulative at two particular coastal sites: Cala
iris, located in the province of Al-Hoceima, and Port d'Ifri in the province of Driouech. This distinction points to
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Zinc's unique bioaccumulative properties in these regions, highlighting its environmental and biological
significance in the context of marine ecology and trace metal dynamics along the Mediterranean shoreline.

The samples were collected in July, a period of high tourist activity. It is suggested to conduct additional
sampling during other seasons to account for metal concentrations during different seasons in these regions.
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