
Arabian Journal of Chemistry 16 (2023) 105281
Contents lists available at ScienceDirect

Arabian Journal of Chemistry

journal homepage: www.sciencedirect .com
Analysis and health risk assessment of heavy metals in four common
seaweeds of Marchica lagoon (a restored lagoon, Moroccan
Mediterranean)
https://doi.org/10.1016/j.arabjc.2023.105281
1878-5352/� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: Abderahmane.rahhou@ump.ac.ma (A. RAHHOU).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Abderrahmane RAHHOU a,⇑, Mostafa LAYACHI b, Mustapha AKODAD a, Najib EL OUAMARI b, Asmae AKNAF a,
Ali SKALLI a, Brahim OUDRA c, Mitja KOLAR d, Jernej IMPERL d, Petranka PETROVA e, Mourad BAGHOUR a

a Laboratory of Biology, Geosciences, Physics and Environment (OLMAN-LBGPE) Mohamed First University, Oujda, Nador 62700, Morocco
bRegional Center of INRH, Nador, Morocco
cWater, Biodiversity and Climate Change Laboratory, Faculty of Sciences Semlalia, Cadi Ayyad University, Marrakech, Morocco
d Faculty of Chemistry and Chemical Technology, University of Ljubljana, Večna pot 113 SI-1000, Ljubljana, Slovenia
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The Marchica lagoon (Morocco, Mediterranean) is a wetland classified as a RAMSAR site, which has been
the subject of restoration activities after several years of pollution. The heavy metal (loïdes) content was
studied in four common species of seaweed (Gracilaria sp., Alsidium corallinum, Caulerpa prolifera and
Chaetomorpha sp.) for the first time, and was added to the basic studies carried out on sediments and
water of this ecosystem. The heavy metals with mean values (mg/kg) can be sequenced in descending
order, Al > Sr > Rb > Ba > As > Ti > V > Ni > Pb > Cr > Cd > Li > Co for Chaetomorpha sp., and the following
order Al > Sr > As > Pb > Ti > Ba > Rb > V > Li > Cr > Co > Ni > Cd for Caulerpa prolifera. The mean concen-
trations (mg/kg) in Gracilaria sp. followed the sequence
Al > Sr > Ti > Rb > Pb > As > Co > Ba > V > Ni > Cr > Li > Cd, and the following order
Al > Sr > Ti > Rb > As > Ba > Pb > V > Co > Ni > Cr > Li > Cd in Alsidium corralinum. The Pb and As levels
in studied seaweeds were above the CEVA standards. The health risk analysis showed that consuming the
seaweed under study posed a serious risk. All examined seaweed had HI values greater than 1.0, and
arsenic is the element that strongly contributes to these values, which can suggest a potential negative
impact caused by this metalloid. Red seaweeds showed the highest MPI, followed by green seaweeds.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Around the world, the production of macroalgae or seaweeds is
increasing due to its many potential uses in the food and other sec-
tors, such as animal feed, fertilizers, plant biostimulants, and as a
source of bioactives for cosmetics and biomedical purposes
(Araújo et al., 2021; FAO, 2018). Red algae (Rhodophyta), brown
algae (Phaeophyceae), and green algae (Chlorophyta) are the basic
groups into which marine macroalgae are classified (Apaydin et al.,
2010). Depending on biological and environmental factors, species,
area of origin and time of collection, the chemical composition and
bioaccumulation of metals by macroalgae can vary considerably
(Chen et al., 2018; Roleda et al., 2019; Véliz et al., 2023). Due to
their high bioaccumulation capacity of heavy metals, including
most toxic elements (As, Pb, Hg, and Cd), seaweed intake may also
be strongly associated to a transfer of hazardous heavy metals to
humans (Bouga and Combet, 2015; Ma et al., 2018; Olsson et al.,
2020). Heavy metals and hazardous metalloids are considered as
dangerous, endocrine-disrupting, and bioaccumulative metals
(Kibria et al., 2021), other metals such as chromium, nickel, and
aluminum, are essential in small doses, and toxics at excessive
intake and exposure (Tepe and Dede, 2023; Yalçın Tepe, 2014).
Through its Commission Recommendation (EU) 2018/ 464, the
European Commission emphasized the necessity to monitor the
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levels of toxic metals in seaweeds used as food, food additives, and
feed products. Regarding this, the European Commission has estab-
lished maximum levels of (3.0 mg/kg, 0.1 mg/kg, 3 mg/kg) for Cd,
Hg, and Pb respectively; inseaweeds used as food supplements
made up entirely or primarily of dried seaweed. Regarding Arsenic
in seaweed destined for animal feed, values of (40 mg/kg of total
As) and (2 mg/kg for inorganic As) have been specified as maxi-
mum levels for animal (Lähteenmäki-Uutela et al., 2021). Sea-
weeds are crucial since they control the nutritional fluxes in
marine habitats and effectively impact the water quality (Wilson,
2002). Heavy metals sources are primarily natural and crustal
and, to a minor extent, anthropogenic (Kodat and Tepe, 2023).
Due to human activities such as agriculture, industrial and domes-
tic discharges, heavy metals are transported to aquatic environ-
ments (Baghour, 2017). Macroalgae have been utilized around
the world to the monitoring of heavy metal pollution in aquatic
ecosystems (Anbazhagan et al., 2021; Baghour, 2017; Conti and
Cecchetti, 2003; Farias et al., 2017; Skalli et al., 2019). Current find-
ings revealed the presence of heavy metals in several taxa of sea-
weed from various regions of the world (Ali et al., 2021;
Augustsson et al., 2021; Chen et al., 2021; El-Said, 2013; Filippini
et al., 2021; Hossain et al., 2022; Jayasekera and Rossbach, 1996;
Khandaker et al., 2021; Öbek et al., 2021; Paz et al., 2019; Peng
et al., 2022). The majority of seaweeds are found growing on sed-
iments in benthic environments near coastlines where heavy metal
concentrations are frequently high (Aknaf et al., 2022; Gao et al.,
2012; Oujidi et al., 2021). In addition, sediments in the marine
environment are well recognized for being the main repository
for heavy metals and for being essential in the release and trans-
portation of metals (Kodat and Tepe, 2023; Pan and Wang, 2012).
As a result, seaweeds can absorb heavy metals from adjacent
waters and sediments (Hurd et al., 2014), and in other instances,
they were reported to bioaccumulate metal levels greater than
those in seawater (Çelik and Oehlenschläger, 2007).

For the present study, it is considered that the aquatic envi-
ronment of the lagoon of Marchica (NE-Morocco, Mediterranean)
has been subjected to a strong natural and anthropic pressure
(wastewater discharges, deposits of old iron mine, and agricul-
ture) and storm water runoff for several years and that waters
of the ecosystem in which macroalgae grow have been impacted
in several parts (Oujidi et al., 2020; Aknaf et al., 2022). While it is
clear that the effect of metal pollution on the environment must
be analyzed, some studies have been carried out on the contam-
ination of water and sediments by heavy metals (Oujidi et al.,
2020; Aknaf et al., 2022), other studies have been pointed on
macroalgae (Ramdani et al., 2015), and microalgae (Riouchi
et al., 2022). (Kassi_la et al., 2019) studied the seaweed (Gracilaria
gracilis, Rhodophyta) farming in Nador lagoon as an additional
activity for fishermen community. No research has been con-
ducted on the accumulation of hazardous pollutants such as met-
als, in most common seaweeds growing in the Marchica Lagoon.
Consequently, the current study will focus on the amount of
heavy metal pollution in naturally occurring macroalgae in the
Marchica lagoon.

This study aimed to determine the content of non-essential
metal-(loids) (Li, Co, Ti, V, Cr, Al, Ni, Sr, Rb, Cd, Pb, Ba, and As) in
four species of seaweeds fromMarchica Lagoon, and the health risk
assessments using targeted hazard quotient (THQ) and hazard
index (HI) (Ali et al., 2021; Arisekar et al., 2021; Töre et al., 2021)
due to consumption of these seaweeds as food and feed. These taxa
include to the green seaweeds, Caulerpa prolifera and Chaetomor-
pha sp.; and the red seaweeds Gracilaria sp., and Alsidium coralli-
num. Therefore, some non-consumable seaweed might be able to
be farmed along the coasts of Marchica lagoon to decrease pollu-
tion levels.
2

2. Materials and methods

2.1. Study area

With a length of 25 km, a width of 7.5 km, and an approximate
area of 115 km2, Marchica lagoon (NE-Morocco, Mediterranean) is
one of the biggest coastal lagoons in the Mediterranean Sea. It is
located on the north-eastern coast of Morocco between the ‘‘Cap
des trois fourches” and the ‘‘Cap de l’eau”, more precisely between
latitudes 35�050N �35�140N and longitudes 2�440W � 2�560W
(Fig. 1). It is separated from the sea by a sand bar (25 km). In
2010, a new inlet was built. It’s about 300 m wide and 6.5 m deep,
in order to improve exchange of the lagoon’s waters with those of
the Mediterranean Sea.
2.2. Samples collection and preparation

Fresh seaweed samples were collected from the bottom by div-
ing from the main locations containing naturally occurring sea-
weeds in the Marchica Lagoon (Fig. 1). A sampling campaign was
carried out in October 2021. On-site, the samples were washed
with seawater, then placed into different plastic bags and trans-
ported to the laboratory. The seaweeds were cleaned with distilled
water to remove any epiphytes and attached objects. The samples
were then cut into smaller pieces, and exposed to air to ensure
proper drying and to facilitate subsequent grinding. To eliminate
water, the samples were dried in a programmed closed system
oven set to 60 �C,until the material is at a constant dry weight
( _Zbikowski et al., 2007).The samples comprised of two groups
viz. red algae Gracilaria sp.(from site 3) and Alsidium corallinum
(from site 2), and green algae Caulerpa prolifera (from site 4) and
Chaetomorpha sp. (from site1) were collected. Three independent
sampling stations were used for each taxon and each site described
in the Fig. 1. The site 1 is characterized by the seagrass meadow in
the bottom and the Chaeotomorpha sp. in the surface. The site 3 is
characterized by the cultivation of the Gracilaria sp, while Alsidium
corralinium is the only seaweed that occurred in the site 2. The site
4 is characterized by the Caulerpa prolifera meadow. The choice of
sampling sites is based on the naturally occurrence of these algae,
with significant abundance and coverage.
2.3. Sample analysis

All used reagents were ‘‘For analysis” grade. HNO3 (65%), H2O2

(30%), and HCl (37%) were used for the digestion of seaweeds. A
Sigma Aldrich multi-element stock standard solution (Periodic
Table Mix 1 for ICP) 10 mg/L was used to prepare working
standards.

For the digestion of samples, a high-pressure laboratory micro-
wave (MW) oven (Milestone Ethos UP, Italy) was used (Majer et al.,
2014). Weighed samples were transferred to 50 mL Teflon vessels
of the MW system and a mixture of 8 mL concentrated nitric acid
and 2 mL hydrogen peroxide was added. The MW digestion has
been run with the following program: 30 min ramp to 210 �C
and 20 min hold at 210 �C (both 1800 W). The digested samples
were transferred in volumetric flasks, 2 mL concentrated HCl was
added and samples were diluted to a final volume of 50 mL with
MilliQ water. Blank samples were passed through the same proce-
dure. The digestion procedure was performed in duplicate for each
algae sample.

The chemical elements determination was carried out using an
Agilent 5100 simultaneous vertical dual view (ICP-OES). Instru-
mental parameters for ICP-OES measurements of studied elements
were as follow: RF incident power (1.2 kW); plasma argon flow



Fig. 1. Map of the study area and sampling’s locations.
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rate (12 Lmin�1); auxiliary argon flow rate (1 Lmin�1); nebulizer
argon flow rate (0.7 Lmin�1); nebulizer (concentric), spray cham-
ber (cyclonic double pass); axial viewing, three replicates.

To establish the accuracy of the method, a recovery test was
conducted. Prior to digestion, all samples were spiked with a pre-
cise quantity of standard solution of the analyzed elements. The
spiked samples underwent the same digestion and analysis condi-
tions as the non-spiked samples. The recoveries observed in the
spiked samples fell within the range of 91% to 107%. Detailed
results from the recovery test can be found in Table 1.

2.4. Health risk assessment

Based on exposure doses, the targeted hazard quotient (THQ),
and hazard index (HI) established by the US EPA’s IRIS database,
a possible health risk assessment was estimated (Ali et al., 2021;
Arisekar et al., 2021; US EPA, 2013).

The Metal Pollution Index (MPI) was used to measure the quan-
tities of various metals in all studied seaweed species (Giusti,
2001; Rajaram et al., 2020).

MPI ¼ ðCf 1 � Cf 2 . . .Cf nÞ1=n

Where Cfi = Concentration (mg/kg) for the metal ‘‘i” in the sam-
ple. And ‘‘n’’ the number of investigated metals.

The HI was determined by comparing the mean metal concen-
trations in the current study’s seaweed samples to worldwide stan-
dards set by the US EPA. The total of all THQs for all metals is
3

defined as HI. The formulae are as follows (Ali et al., 2021;
Arisekar et al., 2021; US EPA, 2013):

ExposureDose EDið Þ ¼ ðCi� Di� EdÞ=ðBw� AtÞ
Targeted Hazard Quotient (THQ) = Exposure Dose/RfD.
Hazard Index (HI) = Sum of THQ.
EDi: Exposure dose of the metal ‘‘i”.
Ci = mean concentration of the heavy metal ‘‘i” in the seaweed

samples (mg kg-1).
Di: daily intake of seaweeds (e.g., 5.2 g/capita/day).
Ed: average exposure duration (e.g., 70 years).
Bw: average weight (e.g., 70 kg).
At: average lifetime (e.g., 70 years).
RfD: recommended reference dose (RfD).
Based on the US EPA (2013) guidelines HI < 1 seems to no health

risk are expected to occur.
If HI � 1, there is moderate or high risk for adverse human

health effects (Ali et al., 2021; Arisekar et al., 2021).
2.5. Statistics

The significant difference between the heavy metals concentra-
tions among the studied seaweeds with respect to species was
evaluated by one-way ANOVA. Subsequently, Pearson’s correlation
analysis was conducted to explore the relationship between inves-
tigated elements in all studied seaweeds. ANOVA and Pearson’s



Table 1
Recovery study for estimation the accuracy of mineral analysis in the studied
seaweeds through ICP-OES measurements.

Element Added, mg kg�1 Recovery, % RSD, %

Li 0.5 91 5
Cd 0.5 103 6
Co 1 93 4
Cr 1 102 2
Ti 5 105 5
V 5 96 2
Ni 5 95 4
Ba 5 97 6
Pb 5 102 3
As 5 93 4
Rb 5 94 5
Sr 20 107 5
Al 20 102 3
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correlation analysis were performed in SPSS 26.0 software. The
map of the lagoon was produced with QGIS 2.18 software.
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3. Results and discussion

3.1. Heavy metals and MPI contents of studied seaweeds

In the present study, the statistical analysis indicated that levels
of Sr, Rb, Li, and Cd varied significantly among all the studied spe-
cies (P < 0.05); however, there were no differences in the concen-
trations of the other examined elements. In this study, Cd was
detected only in the species Chaetomorpha sp., and Co detected
only in red seaweeds. The heavymetals andmetalloids withmean
values (mg/kg) (Table 2) can be sequenced in descending order,
Al > Sr > Rb > Ba > As > Ti > V > Ni > Pb > Cr > Cd > Li > Co for
Chaetomorpha sp., and the following order Al > Sr > As >
Pb > Ti > Ba > Rb > V > Li > Cr > Co > Ni > Cd, for Caulerpa prolifera.
Themean concentrations (mg/kg) for heavymetals andmetalloids
present in Gracilaria sp. followed the sequence Al > Sr >
Ti > Rb > Pb > As > Co > Ba > V > Ni > Cr > Li > Cd, and the following
order Al > Sr > Ti > Rb > As > Ba > Pb > V > Co > Ni > Cr > Li > Cd in
Alsidium corralinum.

Heavy metal bioaccumulation in seaweeds has been observed
to be highly variable between species (Malea and Kevrekidis,
2014; Rajaram et al., 2020; Sun et al., 2019). Some species poten-
tially take metals directly from sediment via their thallus and rhi-
zoids, which have significantly greater metal concentrations than
the water column ( _Zbikowski et al., 2006).

In this regard, results of (Aknaf et al., 2022; Oujidi et al., 2021)
show that the surface sediments and surface waters of Marchica
lagoon are rich in trace metals and that the most impacted areas
are Beniensar (Site 1), Arekmane (Site 4), the mouth of Wadis and
wastewater treatment plant discharges area. In addition, the min-
eralogical composition of deposits from iron mine of Nador con-
tains significant quantities of accessory metals such as Ni, Cr,
Pb, and Cd (Oujidi et al., 2021).

When the metals contents in selected seaweeds was assessed
using the MPI, red seaweeds showed the highest MPI following
this order; Alsidium corralinum (26.21) > Gracilaria sp.
(24.07) > Chaeotomorpha sp.(17.38) > Caulerpa prolifera (16.36).
Heavy metals and macroalgae have a relationship based on their
ability to absorb heavy metals, which is dependent on cell wall
polysaccharides (Karthick et al., 2012).

3.2. Health risk assessment

A targeted hazard quotient (TQH) for each element was deter-
mined using 5.2 g dry weight of seaweed meal per day (as a diet-
ary item) and the Recommended Reference Dose (RfD) for heavy
4
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metals as a reference value (Table 2).The TQH was<1.0 for all ele-
ments except As, suggesting that the predicted exposure doses
was less than the RfD set by the US EPA. Additionally, when the
hazard index (HI) was computed with mean metal levels included,
all seaweeds had HI values more than 1.0. Arsenic contributes
more than any other element to high values of HI, which may sug-
gest a possible hazardous effect related to this element (Table 3).
Moreover, the HI values of examined seaweed species were
ordered in declining order as follows: Gracilaria sp. > Chaetomorpha
sp. > Caulerpa prolifera > Alsidium corallinum.

The Cd contents in the examined seaweeds (0.5 mg kg �1) were
within the limits specified by (CEVA, 2019). Therefore, the arsenic’s
levels revealed in our study for all tested seaweeds were greater
than the CEVA recommended limits. The high levels of arsenic,
which is considered to be a limiting factor causing a health risk,
is mainly from natural sources, with even small anthropogenic
contributions. The Marchica lagoon watershed, and principally
the Gourougou region, is characterized by volcanic rocks (El
Bakkali et al., 1998) and it’s well known that mining deposits of
old mine site of Nador has been dumped into the lagoon for many
years (Oujidi et al 2021). Hence, arsenic in various forms is a main
constituent of more than hundreds of ores, namely iron oxides and
most metamorphic rocks (Garelick et al., 2009). (Xu et al., 2023)
reported high concentrations of arsenic in the natural system near
the vanadium-tellurium-iron mine. Likewise,(Swartjes and
Janssen, 2016) found naturally occurring arsenic in iron ore lumps,
which was used to build an artificial peninsula. Pearson’s correla-
tions (parametric) for heavy metals concentrations in all studied
algae are shown in the Table 4. Significant positive correlations
(p < 0.05) were found between studied elements such as the fol-
Table 3
The reference dose for heavy metals in foods (Rfd), and mean values of the targeted haza

RfD (lg/g/day)

Elements Li Al V Cr Sr C

0.002 1.0 0.009 0.003 0.6 0

THQ for each element and TH in studied seaweeds

THQ Li Al V Cr Sr C

Caulerpa prolifera 0.016 0.019 0.018 nd 0.016 n
Alsidium corallinum 0.039 0.12 0.047 0.028 0.01 0
Gracilaria sp. 0.039 0.116 0.044 0.068 0.012 0
Chaetomorpha sp. 0.011 0.123 0.03 0.042 0.046 n

nd: not determined.
Different seaweed species exhibited varying preferred uptake of particular metals. The
limits imposed by organizations such as (CEVA, 2019).

Table 4
Pearson’s correlation coefficients of the investigated elements in the selected seaweeds.

Li Al Ti V Cr Sr

Li 1
Al 0.506 1
Ti 0.974** 0.505 1
V 0.913** 0.576 0.929** 1
Cr 0.54 0.631* 0.45 0.613* 1
Sr �0.226 0.384 �0.2 0.14 0.438 1
Co 0.875** 0.421 0.921** 0.903** 0.448 �0.086
Ni 0.780** 0.642* 0.814** 0.942** 0.707* 0.358
As �0.236 0.084 �0.292 �0.1 0.385 0.529
Rb 0.788** 0.599* 0.764** 0.823** 0.573 0.095
Ba 0.384 0.624* 0.426 0.692* 0.714** 0.754**

Pb �0.462 �0.304 �0.491 �0.56 �0.443 �0.282
Cd �0.263 0.396 �0.252 0.02 0.386 0.838**

*. Significance at 0.05 level; **. Significance at 0.01 level.

5

lowing combinations: NiCr, CrV, CrAl, NiAl, RbCo, RbAl, BaAl and
BaV. Highly significant positive correlations (p < 0.01) were
observed between the following elements: TiLi, VLi, VTi, CoLi, CoTi,
CoV, NiLi, NiTi, CdSr, and NiCo. No correlations observed between
As and Pb with the other elements studied. These findings sug-
gested that the combined two metals exhibited comparable bioac-
cumulation behavior in seaweeds (Peng et al., 2022). Results of
(Arisekar et al., 2021) showed positive correlations between these
combinations CoCr; NiCr; AsCr, AsNi, CdCr, PbAs, PbCr, and PbNi in
the red seaweeds, and showed also, positives correlations between
As and (Co, Ni, Pb, and Cr) in the green seaweeds.

4. Comparative study with other works

In our study, red seaweeds accumulated great contents of Pb,
Ni, Co, V, Rb, Cr, Ti and Li. While, green seaweeds accumulated
Cd, As, Sr, and Al. In contrast, results of (Chakraborty et al., 2014)
indicated that Rhodophyta species in general bound and accumu-
lated less Cr than other algae groups (i.e., Chlorophyta and Phaeo-
phyceae), and results of (Peng et al., 2022) stated that green algae
had higher contents of Pb than other phylum, which may have
been attributed to environmental factors. This disagreement is
probably due to spatial variation of heavy metal in waters and sites
collection of seaweeds, as previously demonstrated by (Khairy and
El-Sheikh, 2015) which indicated that the comparatively high
levels of several heavy metals in macroalgae imply their high
amounts in the waters of the investigated locations as well as
the algae’s potential to absorb them. Tables (5, 6, and 7) compare
the values revealed in our study to a selection of studies around
the world.
rd quotient (TQH) and the hazard index (HI) for the investigated elements.

o Ni As Ba Pb Cd

.02 0.02 0.0003 0.2 0.004 0.001

o Ni As Ba Pb Cd HI=
P

THQ

d nd 2.922 0.002 0.142 nd 3.13
.019 0.017 2.625 0.004 0.15 nd 3.06
.038 0.016 2.983 0.003 0.301 nd 3.62
d 0.012 2.989 0.006 0.053 0.022 3.33

Pb level in red seaweeds and Caulerpa prolifera revealed in our study exceeds the

Co Ni As Rb Ba Pb Cd

1
0.802** 1
�0.139 0.008 1
0.623* 0.830** �0.364 1
0.489 0.869** 0.23 0.604* 1
�0.408 �0.544 �0.095 �0.248 �0.487 1
�0.238 0.231 0.383 0.159 0.537 �0.07 1
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In the matter of green seaweed, when the current data was
compared to those previously published by several authors. For
Caulerpa prolifera (Table 5), it was shown that (Arisekar et al.,
2021; Intawongse et al., 2018) reported lower values of As and
Pb along the marine coastal of India and Thailand than that
reported in this study, but higher values of Cd, Cr, Co and Ni. Higher
values of Cd, and Pb reported by (Sanchiz et al., 2000, 1999) along
the East coast and Mar Menor lagoon (Spain). On the other hand,
our findings, showed greater levels of Pb and As but lower levels
of Co, Cd, and Ni than those reported by (Al-Shwafi and Rushdi,
2008) along the gulf of Aden.

Chaetomorpha sp. in the present study recorded lower values for
Pb than that reported by (Wong et al., 1979) for algae collected
from the Holo Harbor in Hong Kong. (Arulkumar et al., 2019;
Rajaram et al., 2020) detected higher levels for Cd, and Pb in Palk
Bay coast (India) than that reported in the present study (Table 6).
(Al-Homaidan, 2007) detected higher values for Ni, Cd and Pb in
algae from Saudi coast Arabian Gulf than that reported in the pre-
sent study. Chaeotomorpha sp. in this study recorded higher values
of Sr, Pb, Cd, and As but lower concentrations of Co, and Ni than
that collected from fish pond aquaculture in Portugal by (Afonso
et al., 2018).

Regarding red seaweeds, comparison of the contents of As, Cr,
Pb, and Ni in the present study indicated that Gracilaria sp. (Table 7)
showed higher levels than those published in the literature by
(Arisekar et al., 2021; Caliceti et al., 2002; Malea and Kevrekidis,
2014). On the other hand, Gracilaria sp. reported a lower concen-
Table 5
Comparison of heavy metals contents (mg/Kg dry weight) in Caulerpa prolifera from Marc

Study area As Ba Cr Ni Cd

And man coast of Thailand – – – – 0.89
Gulf of Mannar, India 0.25 – 0.14 0.2 0.07
the Gulf of Aden – – 13.2 5.3 0.93
Palk Bay coast, India – – – – 4.13
East Coast of Spain – – – – –
Mar Menor, spain – – – – 0,20
Marchica lagoon 11.8 4.07 nd nd nd

nd: not detected.

Table 6
Comparison of heavy metals contents (mg/Kg dry weight) in Chaetomorpha sp. from Marc

Study area As Ba Cr Ni Cd

fish pond aquaculture (Portugal) 6.37 – 5.49 1.83 0.02
Saudi coast Arabian Gulf – – – 44.13 1.12
Tolo Harbour, Hong Kong – – – – –
coast of Palk Bay, India – – – – 8.51
Palk Bay coast, India – – – – 0.57
Marchica Lagoon 12.1 16.03 1.7 3.33 0.3

nd: not detected.

Table 7
Comparison of heavy metals contents (mg/Kg dry weight) in Gracilaria sp. from Marchica

Study area As Ba Cr Ni Cd Pb

Aegean Sea greece – – – – 0.49 8.6
Egyptian Sea – – – 7.82 0.26 41.
Venice Lagoon Italy 15 – 0.7 1.1 0.6 6.9
Gulf of Mannar, South India 1.19 – 1.17 1.06 0.26 0.
Northern Aegean Sea 8.42 94.46 2.77 2.19 0.08 5.1
Sudanese Red Sea – – 12 8.0 0.082 1.0
Egyptian coast 3.1 – – 9.1 12.4 –
Portuguese coast 17.57 – 0.534 1.48 0.065 1.1
Marchica Lagoon 12.05 9 2.75 4.4 nd 16.

nd: not detected.

6

trations of Ni, Cd, and Pb than that recorded by (Khaled et al.,
2014) (Egyptian coast) and lower value of Cr, Cd, and Ni than that
detected by (Ali et al., 2021) (Sudanese Red Sea). While it recorded
a higher levels of As in comparison with that collected from the
Egyptian coast (El-Said, 2013), Gracilaria sp. reported lower values
of Ni, Cd, and Co.
5. Conclusion

This study is the first baseline to assess the hazards and risks
associated with ingesting naturally occurring green and red sea-
weeds in Marchica lagoon (NE-Morocco, Mediteranean). This base-
line study, which focused on the bioaccumulation of a total of 13
elements, including toxic heavy metals, by different algal species,
confirmed the practical utility and importance of algae in the
decontamination of Marchica lagoon through their potential for
metals’ uptake. It showed that investigated seaweeds contain var-
ious concentrations of metals, with specific-species degree of accu-
mulation. Considering the research area’s coastal urbanization and
anthropogenic pressure, as well as the associated discharges; con-
sumption of these seaweeds was shown to constitute a significant
risk to human health, while the bioaccumulation of toxic metals
was found below the hazard quotient (THQ < 1), Arsenic was con-
sidered to be the main element contributing to high values of HI
(THQ greater than 1 for As). Red seaweeds recorded high values
of the metal pollution index (MPI) than green seaweeds. Therefore,
hicalagoon to other locations in the world.

Pb Co V Sr Al Reference

0.97 – – – – (Intawongse et al., 2018)
0.07 0.05 – – – (Arisekar et al., 2021)
2.5 0.8 – – – (Al-Shwafi and Rushdi, 2008)
10.54 – – – – (Rajaram et al., 2020)
23 – – – – (Sanchiz et al., 1999)
37 – – – – (Sanchiz et al., 2000)
7.65 nd 2.2 126 261 This study

hica lagoon to other locations in the world.

Pb Co V Sr Al Reference

1.66 0.62 – 59 – (Afonso et al., 2018)
30.5 – – – – (Al-Homaidan, 2007)
24 – – – – (Wong et al., 1979)
5.24 – – – – (Arulkumar et al., 2019)
9 – – – – (Rajaram et al., 2020)
2.87 nd 3.63 368.6 1652 This study

to other locations in the world.

Co V Sr Al Reference

– – – – (Boubonari et al., 2008)
16 – – – – (Khaled et al., 2014)

– – – – (Caliceti et al., 2002)
5 0.37 – – – (Arisekar et al., 2021)
3 0.93 10.06 53.09 (Malea and Kevrekidis, 2014)
2 – – – – (Ali et al., 2021)

16.8 – – – (El-Said, 2013)
2 1.534 3.8 – 196.17 (Cabrita et al., 2016)

2 10.2 5.37 100.63 1563 This study
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we suggested that the cultivation of macroalgae in the Marchica
lagoon has the potential of heavy metals uptake in this coastal
area, and can be subsequently valued in fields that do not cause
risks to human health such as energy recovery (El Asri et al.,
2017). Moreover, a further investigation of other elements like
mercury, and arsenic’s speciation (organic and inorganic) would
be helpful to highlight the real hazardous effect of these elements.
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