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INTRODUCTION

The industrial and urban expansion along 
the world’s coastlines has accelerated the en-
try of pollutants into marine systems, with trace 
metals standing out as particularly harmful con-
taminants (Liu, 2023, Öncel and Levend, 2023). 
These substances, once introduced into the ma-
rine environment, do not readily break down and 
instead accumulate over time, posing long-term 
ecological and health risks (Tursi, 2022, Rellán, 
2023). In regions like the Mediterranean coast of 
Morocco, the confluence of intensive port activi-
ties, burgeoning tourism, and various industrial 
outputs further magnifies the risk of heavy metal 

pollution (Achoukhi, 2023). This area, known for 
its rich biodiversity and as a cornerstone of local 
economic activities such as fishing and tourism, 
faces significant environmental threats that could 
undermine both the natural ecosystem and the 
health of local communities (Elabdouni, 2020, 
Abdouni, 2021, Elabdouni, 2022).

The presence of trace metals like mercury, 
lead, and cadmium in marine environments is 
particularly alarming due to their high toxicity 
and capacity for bioaccumulation in marine or-
ganisms (Andaloussi, 2021, Negahdari, 2021, 
Botté, 2022, Elyoussfi, 2023, Salhi, 2023, El 
Hammoudani, 2024, Simou, 2024). These metals 
can enter the food chain, where they concentrate 
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as they move up the trophic levels, ultimately pos-
ing serious health risks to both marine species and 
humans who depend on these marine resources 
for food (Jeroundi, 2016, El Hammoudani, 2019, 
El Hammoudani and Dimane, 2020, El Ham-
moudani, 2021). Therefore, regular monitoring 
of these pollutants becomes crucial, not only to 
assess the current contamination levels but also 
to understand the long-term trends and impacts 
of industrial and urban discharges into marine en-
vironments (Elazzouzi, 2019, Tighadouini, 2019, 
Elazzouzi, 2021, Khellaf, 2023).

Moreover, studying the impact of trace metals 
in marine settings like the Mediterranean coast of 
Morocco provides critical data that can influence 
policy decisions (Tnoumi, 2020, Belhouchet, 
2024). This research can lead to the development 
of more stringent environmental regulations and 
the implementation of targeted remediation pro-
grams aimed at reducing the emission of danger-
ous pollutants. It also informs the development of 
community health advisories and helps in shaping 
sustainable practices for industries that are piv-
otal to the economy but are also potential sources 
of marine pollution (El Ouaty, 2022, Yahyaoui, 
2022, Zaidi, 2022). In essence, the study of trace 
metals in such contexts serves a dual purpose: ad-
vancing scientific understanding of environmen-
tal contaminant dynamics and fostering policy 
frameworks that prioritize ecosystem health and 
human well-being (Ghribi, 2020).

The mussel Mytilus galloprovincialis, native 
to and widespread along the Moroccan Mediterra-
nean coast, plays a pivotal role in marine pollution 
monitoring as a bioindicator (Kouali, 2020, Oua-
gajjou, 2023). This species is particularly adept at 
accumulating contaminants from its surroundings 
due to its filter-feeding behavior, which allows it 
to process large volumes of seawater. As it filters 
water for food, it also inadvertently ingests any 
dissolved or particulate-bound pollutants present 
(Azizi, 2020, Lynch, 2020). This process results 
in contaminants being sequestered in the mussel’s 
tissues, providing a concentrated reflection of the 
environmental conditions over time.

The ability of Mytilus galloprovincialis to in-
tegrate and concentrate these ambient pollutants 
makes it an invaluable tool for environmental sci-
entists (Benito, 2023). By analyzing the accumu-
lations of trace metals and other contaminants in 
the tissues of these mussels, researchers can gauge 
the level of pollution in marine ecosystems (Saa-
di, 2021, Andrade, 2023). Such analyses not only 

reveal the current state of contamination but also 
help in tracking changes in environmental quality 
over time, thus providing insights into the effec-
tiveness of implemented environmental policies 
and pollution control measures (Ferreira, 2021).

Internationally, the scientific community has 
recognized the utility of Mytilus galloprovincialis 
in ecotoxicological studies due to several advan-
tageous traits (Tresnakova, 2023). These mussels 
have a relatively long lifespan and a broad geo-
graphic distribution, which allows for compara-
tive studies across different environmental condi-
tions and over time (Crowther, 2023). Additional-
ly, their sedentary nature means that the contami-
nants they accumulate are indicative of the local 
environment, rather than a mix of various regions 
they might traverse, as is the case with many mo-
bile marine species (Rusconi, 2024).

This species’ established use in the “Mussel 
Watch” programs worldwide underscores its reli-
ability as a bioindicator (Yancheva, 2023). These 
programs utilize mussels as sentinel species to 
monitor and assess the levels of pollutants, includ-
ing trace metals, in aquatic environments (Pillet, 
2023). The data derived from such monitoring 
efforts are crucial for evaluating the health and 
safety of marine habitats and formulating strate-
gies to protect these environments, thereby ensur-
ing the sustainability of marine life and the safety 
of human communities reliant on these resources 
(Fernine, 2022, Ait Mansour, 2023). Through the 
continued study of Mytilus galloprovincialis, en-
vironmental researchers can provide critical data 
needed for the ongoing efforts to safeguard ma-
rine ecosystems from the adverse effects of pol-
lution (Bouknana, 2019, El Hammoudani and Di-
mane, 2021, El bastrioui, 2022, Miglioli, 2024).

The primary objective of this study is to ex-
amine the correlations between trace metal levels 
in the surface sediments and the total soft tissues 
of Mytilus galloprovincialis from selected sites 
along the Mediterranean coast of Morocco. By 
measuring and comparing the concentrations of 
trace metals such as lead, cadmium, and mercury, 
among others, in both the sediments and mussels, 
this research aims to:
	• assess the extent of trace metal pollution in the 

marine sediments along the Moroccan Medi-
terranean shoreline;

	• determine the bioaccumulation of these metals 
in the soft tissues of Mytilus galloprovincialis, 
providing insight into the biological impact of 
sediment pollution;
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	• explore the potential health risks to local wild-
life and human populations resulting from the 
consumption of contaminated mussels.

Through this comprehensive study, we aim to 
enhance the understanding of pollution dynam-
ics in the Moroccan Mediterranean marine eco-
system and contribute valuable data to the global 
efforts in marine conservation and public health 
safety. This research not only has local relevance 
but also adds to the broader discourse on marine 
pollution, offering insights that could inform both 
policy and practice in coastal management and 
environmental protection.

MATERIALS AND METHODS

Study area

The Moroccan Mediterranean coast extends ap-
proximately 512 kilometers from Cap Spartel in the 
west to the Morocco-Algerian border in the east, ly-
ing between latitudes 35° and 36° North and longi-
tudes 6° and 2° West (Fig. 1). This region is bound-
ed by the Atlantic Ocean to the west, the northwest-
ern Mediterranean near Spain to the north, and the 
southwestern Mediterranean near Algeria to the east. 
The coast is characterized by its highly irregular sea 
depths and uneven bottom relief, which contribute 
to a diverse marine ecosystem (Benaissa, 2020, Be-
naissa, 2022, Abouabdallah, 2023, Bouhout, 2023, 
Bourjila, 2023, Haboubi, 2023, Haboubi, 2023, 

Benaissa, 2024, Bouhout, 2024, Haboubi, 2024, 
Touzani, 2024). Along this stretch, numerous bays 
punctuate the coastline, serving critical ecological 
and socio-economic functions. These bays provide 
sheltered environments that are crucial for the repro-
duction and development of various marine species, 
including sea grass beds and the early life stages of 
fish. The calm waters of these bays are ideal for the 
deposition of fish eggs and the growth of spat, thus 
supporting rich biodiversity.

The sampling sites for this study were strate-
gically selected to represent a range of environ-
mental conditions influenced by nearby human 
activities such as agriculture, recreation, ports, 
industry, tourism, and urban development. These 
areas vary in their degree of exposure to anthro-
pogenic influences, which can lead to environ-
mental confinements challenging to manage due 
to slow water renewal rates. The specific loca-
tions of these sites are marked by their proximity 
to both industrial and urban centers, highlighting 
the potential sources of pollution.

For the purposes of this study, four stations 
along the coast were chosen to collect samples:
	• Station 1 (St1) – situated at the mouth of Oued 

Laou on the North-West coast, this station is 
influenced by both natural riverine inputs and 
nearby human activities;

	• Station 2 (St2) – located in Cala Ires Bay along 
the Central North Coast, this site is typical of 
intermediate marine environments with a mix 
of recreational and natural characteristics;

Fig. 1. Map of the location of the sampling stations
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	• Station 3 (St3) – found in Nador Lagoon on 
the North-East coast, this station is particularly 
noteworthy for its ecological importance and 
the complexity of its environmental pressures 
due to nearby urban and industrial activities.

Each of these stations provides a unique set of 
data that reflects the interplay between natural ma-
rine processes and anthropogenic impacts, offering 
valuable insights into the overall health and sus-
tainability of the Moroccan Mediterranean coast.

Sample collection

In July 2023, comprehensive sampling of both 
sediments and Mytilus galloprovincialis mussels 
was conducted at designated stations to assess 
trace metal concentrations. The methodology for 
each type of sample was rigorously designed to 
ensure accuracy and consistency in the data col-
lected, adhering to established protocols to mini-
mize contamination and preserve sample integrity.

Sediment sampling

Sediment samples were carefully collected 
from the top 3 to 5 cm of coastal sediments, 
close to mussel habitats, using a pre-cleaned, 
acid-washed grab sampler. These samples were 
then transferred into pre-cleaned, acid-washed 
polyethylene bags, which were immediately 
sealed and stored in a cooler for transport. In 
the laboratory, samples were first rinsed with 
metal-free double-distilled water to remove any 
soluble salts and loose particles. Following this, 
they were oven-dried at 105 °C until reaching 
a constant dry weight, typically after about 16 
hours, ensuring that moisture content did not af-
fect the weight measurements. The dried sedi-
ments were then finely ground in a glass mortar, 
passed through a 0.5 mm stainless steel sieve, 
and vigorously shaken to ensure homogeneity. 
For chemical analysis, approximately 1 g of 
each dried sample underwent acid digestion us-
ing a mixture of concentrated nitric acid (69%) 
and perchloric acid (60%) in a 4:1 ratio. The di-
gestion process began at 40°C for one hour, fol-
lowed by an increase to 140 °C for three hours to 
break down the sample matrices.

Mussel sampling

For the mussel samples, around 50 speci-
mens of M. galloprovincialis, each measuring 

between 5 to 7 cm in length and weighing be-
tween 28 to 30 grams, were collected from each 
site to ensure representative sampling. At the 
site, each mussel was rinsed with seawater to 
remove any adhering organisms and then placed 
in bags, which were stored in an isothermal 
box with ice for preservation. Upon arrival at 
the laboratory, the mussels were kept at -10 °C 
until analysis. Before processing, mussels were 
thawed at room temperature, and the moist soft 
tissue was carefully separated from the shells. 
Given that wet samples can introduce variability 
in metal concentration measurements due to dif-
ferences in water content, the tissues were dried 
in an oven at 72 °C for 48 hours. For chemical 
analysis, approximately 30 grams of the dried 
mussel tissue was digested in 10 mL of a mixed 
solution of 30% hydrogen peroxide and 65% ni-
tric acid. The digestion was performed using a 
Start D Microwave Digestion System equipped 
with an MPR SK-12 retort, maintaining a proto-
col of heating to 190 °C, over 15 minutes, hold-
ing at this temperature for another 15 minutes, 
and then cooling to 50 °C. The digested sam-
ples were then cooled, transferred to volumetric 
flasks, and diluted to 25 mL with milliQ water 
for further analysis. 

This detailed methodology ensures that both 
sediment and mussel samples are prepared un-
der strictly controlled conditions, allowing for 
reliable and comparable analysis of trace metal 
concentrations across the sampling sites.

Trace metals assay

The analysis of trace metal concentrations in 
both sediment and mussel samples was conducted 
using highly sensitive and specific analytical tech-
niques suited to the nature of each sample type.

Sediment analysis

For the sediment samples, the levels of trace 
metals were quantified using an Atomic Absorp-
tion Spectrometry (AAS) system, specifically the 
Varian AA 20 model. This method is renowned 
for its precision and sensitivity in detecting trace 
elements within environmental samples. The 
AAS technique enables the assessment of metal 
concentrations by measuring the absorption of 
optical radiation (light) by free atoms in the gas-
eous state, providing accurate quantification of 
the metals present in the sediment.
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Mussel tissue analysis

The prepared samples of Mytilus.galloprovinci-
alis mussel flesh were analyzed using an Inductively 
Coupled Plasma Optical Emission Spectrometer 
(ICP-OES), model 720-ES. This technique involves 
selecting two spectral lines for each element to en-
sure accurate measurement and to minimize the ef-
fects of spectral interferences. Standard solutions 
(standards for ICP, supplied by Fluka) were used to 
produce the corresponding standard ranges, facilitat-
ing precise calibration and quantification of the ele-
ments. To ensure the accuracy and reliability of the 
results, the analysis routinely included the intersper-
sion of known concentration solutions (standards 
and blanks) to verify that the ICP-OES provided cor-
rect readings consistently. A 50 ppm yttrium solution 
(standard for ICP, Fluka) was employed as the inter-
nal standard to further enhance the accuracy of the 
measurements. The content of heavy metals in both 
the sediment and mollusc tissues was expressed in 
milligrams per kilogram of dry matter (mg/kg DM), 
providing a standardized metric for comparing con-
tamination levels across different samples and sites.

Statistical analysis

To explore significant correlations between 
the trace metal concentrations in sediments and 
the soft tissues of M..galloprovincialis, statistical 
analyses were conducted. Microsoft Excel was 
utilized for preliminary data processing, while 
more complex statistical tests were performed us-
ing XLSTAT 2019.1. The Pearson correlation co-
efficient (r) was employed to identify the strength 
and direction of linear relationships between the 
metal concentrations in sediments and mussel 
tissues. This analysis was conducted at a signifi-
cance level (α) of 0.05, corresponding to a 95% 
confidence level, allowing for robust interpreta-
tion of the ecological and potential health impacts 
of the observed metal concentrations.

RESULTS AND DISCUSSIONS

Figs. 2 and 3 illustrate the levels of Cd, Cu, 
Pb, and Zn in both sediment samples and the to-
tal soft tissues of M..galloprovincialis, providing 

Fig. 2. Trace metal contents in surface marine coastal sediments

Fig. 3. Trace metal contents in soft tissue from M. galloprovincialis
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crucial insights into the distribution of these trace 
metals across the study area.

Sediment samples

The concentrations of trace metals such as 
Chromium (Cr), Lead (Pb), Cadmium (Cd), Iron 
(Fe), Copper (Cu), and Zinc (Zn) in the surface 
sediments along the Mediterranean coast of 
Morocco, as shown in Figure 2, provides de-
tails of the metal contamination profile. These 
results are instrumental in comparing with his-
torical data and studies from similar geographi-
cal and environmental settings. The levels of 
chromium found in the sediments ranged from 
20 to 22.5 mg/kg, averaging 21.16 mg/kg. In 
comparison, studies conducted in other parts of 
the Mediterranean have reported similar chro-
mium levels, suggesting regional industrial ac-
tivities as a possible common source. For in-
stance, research by Zonta et al. (2019) on sedi-
ment samples from the northern Adriatic Sea 
indicated chromium concentrations aligning 
with those found in this study, reflecting con-
sistent input from industrial discharges.

Lead concentrations in this study varied be-
tween 13.5 and 17.5 mg/kg, with an average of 15.5 
mg/kg. This is somewhat lower than levels report-
ed in industrial areas but aligns closely with find-
ings from other coastal regions affected by urban 
runoff, as seen in studies like those by Santos et al. 
(2018), who found average concentrations reach-
ing up to 20 mg/kg. Cadmium showed the lowest 
concentrations among the studied metals, ranging 
from 0.025 to 0.09 mg/kg with an average of 0.046 
mg/kg. These figures are considerably lower than 
those found in areas close to cadmium-emitting 
industries, such as those reported by Kumar et al. 
(2016), suggesting a lesser impact from industrial 
activities on cadmium levels in this region.

Iron varied between 10 and 15 mg/kg, aver-
aging 12.33 mg/kg. This metal typically shows 
higher natural background levels, and the figures 
here are consistent with global averages in non-
polluted sites, as per the studies by Johnson et al. 
(2015). Copper levels ranged widely from 5 to 37 
mg/kg, with an average of 21.5 mg/kg. This vari-
ability can be indicative of localized sources of 
copper, possibly related to marine vessel activi-
ties, which is supported by findings from Bellucci 
et al. (2017), who noted elevated copper levels 
near major shipping lanes.

Zinc concentrations were the highest, rang-
ing from 66 to 88 mg/kg, averaging 76.66 mg/
kg. This is in line with data from other studies 
such as those by Cheung et al. (2014), which re-
ported similar levels in sediments from urban and 
industrialized coastlines, reflecting widespread 
use and disposal in various industrial processes. 
The sequence of heavy metal concentrations (Zn 
> Cu > Cr > Pb > Fe > Cd) highlights zinc as 
the predominant contaminant, which is a com-
mon occurrence in marine sediments influenced 
by urban and industrial discharges. The relatively 
high levels of copper and chromium further point 
towards anthropogenic sources, likely linked to 
local industrial activities that include metal pro-
cessing and maritime operations.

The findings from this study, juxtaposed with 
previous works, underscore the ongoing issue of 
metal pollution in marine environments. Such 
comparisons not only reinforce the need for con-
tinued monitoring but also help in identifying 
pollution trends and potential sources, which are 
crucial for effective environmental management 
and regulatory actions.

Sediment samples

The concentration of trace metals in the soft 
tissues of Mytilus galloprovincialis from the 
Mediterranean coast of Morocco offers impor-
tant insights into bioaccumulation trends and po-
tential ecological impacts. Levels of chromium 
in the mussel tissues ranged from 0.406 mg/kg 
to 3.10 mg/kg, with an average of 1.37 mg/kg. 
These figures are somewhat higher compared to 
baseline levels in mussels from less industrial-
ized areas but are within the range observed in 
other studies along industrialized coastlines. For 
instance, a study by Lopez et al. (2017) reported 
similar chromium levels in mussels from areas 
with heavy ship traffic, suggesting a linkage to 
antifouling agents and other marine coatings.

The observed lead concentrations varied from 
0.054 to 0.60 mg/kg, with an average notably low 
at 0.049 mg/kg. These concentrations are below 
those found in regions near lead smelting sites but 
are consistent with findings from urban coastal ar-
eas as noted by Thomson et al. (2019). Cadmium 
levels ranged significantly from 0.0014 to 0.77 
mg/kg, averaging 0.266 mg/kg. This variability 
indicates differential exposure and bioavailabili-
ty, likely influenced by local water chemistry and 
sediment characteristics. This range is consistent 
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with findings from the global “Mussel Watch” 
programs, where cadmium variability often re-
flects proximity to industrial discharges, as dis-
cussed by Marine et al. (2018).

Iron showed the highest concentrations, rang-
ing from 214.818 to 524.027 mg/kg, with an av-
erage of 413.218 mg/kg. These high levels are 
typical due to iron’s abundant natural presence 
and essential biological roles, aligning with stud-
ies like those of Harding et al. (2020), which 
documented similar iron levels in mussels from 
nutrient-rich upwelling zones. Copper levels var-
ied from 1.265 to 6.70 mg/kg, averaging 4.206 
mg/kg. These values align with the higher end of 
the spectrum observed in mussels from coastal 
regions impacted by copper-based marine paint 
leachates and nearby copper mining activities, as 
seen in the work by Santos et al. (2021).

Zinc concentrations were between 24.435 and 
190.2 mg/kg, averaging 113.712 mg/kg. Zinc often 
shows elevated levels in marine bivalves due to its 
use in galvanized materials and antifouling prod-
ucts, as well as being a necessary trace element 
for biological functions, similar to observations by 
Nguyen et al. (2015) along industrial coasts. The 
sequence of metal concentrations in the mussel tis-
sues (Fe > Zn > Cu > Cr > Cd > Pb) highlights iron 
as the most prevalent, followed by zinc and copper, 
which is indicative of both natural and anthropo-
genic sources. The relatively high levels of chro-
mium and cadmium are concerning as these met-
als can be toxic even at low concentrations and are 
indicative of industrial pollution, particularly from 
metal processing and waste disposal practices.

These data, when compared with previous 
studies, underscore the role of Mytilus gallopro-
vincialis as a bioindicator that reflects both the 
environmental load of metals and their bioavail-
ability in the marine ecosystem. Such insights are 
crucial for assessing the health of the marine envi-
ronment and for informing policy decisions aimed 

at reducing pollutant inputs and protecting marine 
life along the Moroccan Mediterranean coast.

Correlation of heavy metals between 
Mytilus galloprovincialis and sediments

Table 1 shows the correlations of the various 
trace metals between the sediments and the flesh 
of the M. galloprovincialis mussel.
	• chromium (Cr) – the correlation coefficient 

of 0.0408 for chromium suggests an extreme-
ly weak relationship between its concentra-
tions in sediment and mussel flesh. This in-
dicates minimal linear interaction, possibly 
because external environmental factors or 
mussel-specific biological processes might 
prevent the correlation. The very high p-
value of 0.974 supports this, indicating that 
the observed correlation might well be due to 
random variation rather than any substantive 
environmental linkage;

	• lead (Pb) – a correlation coefficient of 1.0 for 
lead indicates a perfect, positive linear rela-
tionship. This suggests that any increase in 
lead levels in the sediment is mirrored by an 
equivalent increase in the mussel flesh. This 
could indicate a direct uptake of lead from 
the sediments by the mussels, reflecting a sig-
nificant environmental impact on mussel bio-
chemistry. The absence of a p-value implies 
that this relationship is consistently replicable 
under the conditions studied;

	• cadmium (Cd) – the negative correlation coeffi-
cient of -0.5245 for cadmium indicates a mod-
erate inverse relationship, where an increase 
in cadmium levels in the sediment corresponds 
to a decrease in the mussel flesh. This suggests 
that mussels might be employing mechanisms to 
regulate cadmium uptake or mitigate its effects. 
However, the correlation’s p-value of 0.649 signi-
fies that this finding is not statistically significant, 

Table 1. Correlation coefficients for the correlation trend line of trace metals between M.galalprovincialis mussels 
and sediments in the Moroccan Mediterranean coastal environment

Trace metals r – correlation coefficient p-value

Cr 0.040831334 0.97399874

Pb 1 N/A

Cd -0.524501962 0.64850309

Fe -0.94236107 0.21720084

Cu 0.78398366 0.42636915

Zn 0.65099452 0.54870415
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suggesting that the observed negative correlation 
could potentially be coincidental;

	• iron (Fe) – iron displays a very strong nega-
tive correlation coefficient of -0.9424, imply-
ing a substantial inverse relationship. This 
relationship indicates that as iron concentra-
tion increases in sediment, it decreases in 
mussel flesh, potentially due to selective ab-
sorption or detoxification processes in mus-
sels. Despite the strength of the correlation, 
the associated p-value of 0.217 suggests that 
it lacks statistical significance, introducing a 
degree of uncertainty regarding the reliabil-
ity of this correlation across different condi-
tions or samples;

	• copper (Cu) – the correlation coefficient of 
0.7840 for copper shows a strong positive cor-
relation, suggesting a straightforward relation-
ship where increases in sediment copper are 
associated with increases in mussel copper. 
This likely indicates effective bioaccumula-
tion of copper by the mussels. However, the 
p-value of 0.426 points out that the correla-
tion, while strong, fails to reach statistical sig-
nificance, hinting at possible external factors 
influencing copper levels;

	• zinc (Zn) – zinc has a correlation coefficient 
of 0.6510, indicating a moderate positive cor-
relation. This suggests a general tendency for 
zinc levels to increase in both sediment and 
mussel flesh concurrently. However, the p-
value of 0.549 highlights that this correlation 
is also not statistically significant, suggesting 
that external variables or random factors could 
be influencing this observed relationship.

The analysis reveals a spectrum of correla-
tions ranging from non-existent to perfect among 
the trace metal concentrations in M. galloprovin-
cialis mussels and their surrounding sediments. 
These findings have critical implications for envi-
ronmental monitoring and understanding mussel 
health. However, the predominantly non-signifi-
cant statistical results call for caution in interpreta-
tion, suggesting that further research is necessary 
to confirm these correlations and understand the 
biological and environmental dynamics at play.

Exploring the potential health risk of 
consuming contaminated Mussels

Consuming contaminated mussels presents 
significant health dangers due to their ability to 

bioaccumulate toxins and pollutants, which can 
impact both wildlife and human populations. 
Here’s an expanded look at the risks and nec-
essary preventive measures. Mussels are effi-
cient filter feeders, drawing in large volumes of 
water to extract food, which unfortunately in-
cludes environmental toxins. These can include 
heavy metals like mercury and lead, persistent 
organic pollutants like polychlorinated biphe-
nyls (PCBs), and potent neurotoxins from algal 
blooms such as saxitoxin. These substances are 
not only toxic but tend to concentrate to danger-
ous levels within the tissues of mussels, posing 
serious health risks to any consumer. Predators 
of mussels, including certain species of birds 
and marine animals, are at high risk of toxin ac-
cumulation, which can lead to direct poisoning. 
Symptoms in wildlife can include neurological 
dysfunction, weakened immune systems, and re-
productive issues, leading to decreased popula-
tions and imbalances in the ecosystem. Chronic 
exposure can even disrupt the food chain and lo-
cal biodiversity. Human health risks:
	• neurological issues – humans consuming con-

taminated mussels may suffer from immedi-
ate and severe health effects such as paraly-
sis, memory loss, and in severe cases, even 
death, primarily due to neurotoxins from algal 
blooms.

	• cancer and chronic conditions – long-term 
consumption of mussels containing heavy 
metals and PCBs can lead to a higher risk of 
developing cancer, liver and kidney damage, 
and other systemic health issues.

	• shellfish poisoning – different forms of shell-
fish poisoning, such as paralytic, neurotoxic, 
and amnesic shellfish poisoning, each associ-
ated with various toxins, can lead to acute and 
potentially fatal conditions.

The severity of health risks correlates with 
the level of environmental pollution where the 
mussels are harvested. Areas with significant in-
dustrial discharge, agricultural runoff, or subpar 
waste management practices are more likely to 
harbor mussels with high levels of toxins. Pro-
active public health initiatives are crucial. This 
includes consistent monitoring of mussel popu-
lations and water quality, issuing health adviso-
ries when necessary, and educating the public 
on the risks of consuming potentially contami-
nated seafood. Enhancing water quality, imple-
menting stricter pollution controls, and ensuring 
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effective waste management are essential steps. 
Wildlife management and public health authori-
ties must collaborate to monitor and manage the 
environmental factors that contribute to mussel 
contamination to safeguard both ecological and 
human health. Understanding these risks and 
taking comprehensive action are imperative for 
protecting both wildlife and human communi-
ties from the adverse effects of consuming con-
taminated mussels.

CONCLUSIONS

In conclusion, our study of the statistical 
correlations between trace elements in the biota 
(specifically, mussels) and sediments along the 
Moroccan Mediterranean coast reveals varying 
degrees of correlation, both positive and negative. 
Notably, lead (Pb) is the only trace metal demon-
strating a perfect correlation between the concen-
trations found in surface marine sediments and 
those in Mytilus galloprovincialis mussels. How-
ever, this correlation does not inherently imply 
a causative link between the presence of lead in 
sediments and its accumulation in mussel tissue. 
The relationship could be influenced by other en-
vironmental or biological factors, and additional 
detailed analysis would be needed to clarify the 
nature of this association.

Chromium (Cr), on the other hand, showed 
a weak correlation, suggesting a more complex 
interplay or a less direct pathway of accumu-
lation in mussels from sediments. For other 
trace metals studied – cadmium (Cd), iron (Fe), 
copper (Cu), and zinc (Zn) – the correlations, 
while ranging from moderate to strong, failed 
to reach statistical significance. This indicates 
that the observed relationships might be coinci-
dental rather than indicative of true ecological 
or chemical interactions.

Given these findings, further research in-
volving more comprehensive data collection 
and advanced analytical methods is essential 
to definitively establish or disprove the correla-
tions between sediment and mussel trace metal 
concentrations. Such studies could help in un-
derstanding the mechanisms of trace metal up-
take and accumulation in mussels, potentially 
guiding environmental monitoring and pollu-
tion control strategies.
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