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Abstract— As part of the national program for monitoring chemical contaminants in the environment, three trace metals (cadmium, lead and
mercury) were quantified in twenty fish species most consumed by the population of the DIANA region, notably Sarda sarda. The se fish were
landed at two sites: RAMENA and NOSY FALY, between December 2024 and January 2025. The samples were analyzed by dispersive en ergy
X-ray fluorescence. The average concentrations observed are as follows: cadmium varies from 0.005 +0.001 mg.kg-1to 0.082 £+ 0.07 mg.kg-1,
the concentration of lead varies from 0.016 + 0.004 mg.kg-1 to 0.092 + 0.008 mg.kg-1, and that of mercury is below the detection limit. The
measured concentrations remain below the limit values set by European regulations (Cd: 0.05 — 1.00 mg.kg"!, Pb: 0.3 — 1 mg.kg!, and Hg: 0.5 —

1 mg.kg?).
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I INTRODUCTION

For a few years, the consumption of seafood, and more
particularly fish, has been at the heart of the news regarding
elements or components beneficial to health, such as essential
fatty acids, notably the long-chain polyunsaturated fatty acids
of'the omega-3 family, proteins, as well as vitamins A, D and
E and minerals [1]. Indeed, a 150 g portion of fish can provide
about 50 to 60 percent of the daily protein needs of an adult
[2]. Extensive research has demonstrated the potential of fish
consumption in preventing cardiovascular disease and
coronary heart disease [3,4], stroke [5], certain types of cancer
[6,8], depression [9,10], as well as certain neurodegenerative
diseases [11,12]. Nevertheless, fish can also be a major
contributor to exposure to various environmental contaminants
[13,14]. Heavy metals, such as mercury and cadmium, are a
group of toxic substances that accumulate in fish tissues and
are transmitted through the food chain to humans [15].
Repeated incidents of human poisoning by mercury, cadmium
and lead in industrialized countries have highlighted
environmental pollution as one of the most pressing
challenges of our time. The industrial and technological
revolution of the 21st century has been accompanied by a
significantincrease in the release of these substances, whether
natural or synthetic, into the environment, with direct or
indirect impacts on human and environmental health.

The DIANA region, in the fisheries sector, plays a crucial
role in the economy, not only for export but also as a source of
employment and income for many families, and a source of
protein for a large part of the population. The marine areas are
among the most abundant in the DIANA region and are home
to considerable floraand fauna. Their fishery resources, which
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are essential for food security and development in the DIANA
region, are currently threatened by overexploitation that
worsens the effects of pollution, harming the survival of
certain species.

Numerous studies have been conducted to assess the
concentration of trace metals in fish tissues, such as liver,
kidney, stomach, skin, gills, bones, muscles and spleen
[15,16]. Muscle is systematically analyzed due to the
implications it has for human consumption and health risks.
The liver is often favored, given the concentration of various
contaminants present at levels higher than those of muscle. It
plays a crucial role in the storage of contaminants, their
redistribution, as well as in detoxification or transformation.

II. METHODOLOGY

A. Presentation of the study sites

The samples were taken in the district of ANTSIRANANA
IT of the region DIANA, more precisely in the rural commune
of RAMENA and the rural commune of Nosy Faly (Ambanja
District). RAMENA is located north of Madagascar, with a
longitude 0£49° 20’ 44 E and a latitude of 12° 14”76 S. Nosy
Faly is located at the extreme northeast of the district of
Ambanja, with a longitude of 48° 29’ 16 E and a latitude of
13°20’ 41 S, 35 km northeast of the city of AMBANIJA.

B. Sampling

The samples were collected from twenty individuals of
Sarda sarda, a commonly consumed species. This includes 10
samples of fresh tuna from RAMENA and 10 samples of tuna
from NOSY FALY, thus totalling 20 samples. The samples
were taken during the period of December 2024, with the
exception of the RAMENA tuna samples which were
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collected in January 2025. The sampling was carried out
randomly. The selection of batches to be taken was done at
random, regardless of date or location. The samples are
preferably taken at the distribution level. The collected
samples are placed in polyethylene bags, which are then
sealed and labelled. The fresh samples are then sent to the
analysis laboratory in insulated boxes by express transport. In
the laboratory, fish are thawed at room temperature in their
sachet and dissected under a hood.

C. Fish studied

Like tuna and mackerel, bonito is a member of the
scombrid family of pelagic fish that live in schools in the
upper water layers of the sea. Its reproduction is faster than
that of its larger tuna cousins. It rarely measures more than 70
to 80 centimeters and weighs between 3 and 4 kg, but can
reach a weight of 7.6 kg [17].

- Name in: French; Bonite; Atlantic Bonito;

- Malagasy: Djaodary.

- Habitat: they are found in the northern parts of
Madagascar (Nosy Faly and RAMENA).

Fig. 1: Djaodary

D. Methods and analytical technique used

This study was carried out at the Laboratory of Nuclear
Physics and Environmental Physics (LPNPE) of the
University of Antananarivo in Madagascar. The elemental
analysis was conducted using an Amptek EXP-2 energy
dispersive X-ray fluorescence spectrometer, which includes
the following:

- Excitation source: X-ray tube with silver anode (Ag),
operating at 40 kV and 100 pA,

- Detector: Si-PIN cooled by the Peltier effect, offering an
energy resolution of 180 eV FWHM at 5.9 keV,

- Collimators: multilayer collimation system to improve the
signal/noise ratio,

- Filters: 500 pm aluminum (Al) filter to reduce low energy
radiation.

This technique is simple, more sensitive, faster and is one
of the most commonly used for the determination of ETM in
biological tissues. The acquisition of spectra was carried out
with the DPP-MCA software (Amptek, version 1.0.0.12),
according to the following parameters:

- Acquisition time: 200 seconds per sample,
- Number of channels: 2048,
- Amplification gain: 12.5.
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Spectra processing and quantitative analysis were performed
using the XRS-FP2 (Amptek) software, using the fundamental
parameters algorithm to convert spectral intensities into
elemental concentrations. The calibration of the system was
carried out using a series of single-element and multi-element
reference standards.

Fig. 2. X-ray fluorescence spectrometer device (Amptek EXP-2) used for
sample analysis.

E. Sample preparation

The preparation of samples was carried out according to a
standardized protocol aimed at obtaining homogeneous and
representative specimens for analysis by ED-XRF:

- Drying: The samples underwent calcination at 450°C for 30
minutes in a muffle oven to remove organic matter, which
reduces matrix effects that may interfere with spectrometric
analysis.

- Grinding: The calcined samples were finely ground using a
mortar and an agate pestle to avoid any metal contamination.
The grinding was continued until obtaining a homogeneous
powder with a particle size of less than 50 pm.

- Sieving: The resulting powder was sieved through a 50 pm
mesh nylon sieve to ensure the particle size uniformity of the
final sample.

- Packaging: A mass of 4,00 g of each sieved sample was
taken using an analytical balance and placed in a high-density
polyethylene sample holder, equipped with an ultralight
support film 4 pm thick.

For each series of analyses, a certified reference sample
was prepared according to the same protocol in order to
validate the analytical method.

Metal elements are found in natural environments at
relatively low concentrations, on the order of mg/kg. As part
ofthis study, the sampling methods, of sampling, packaging
and analysis of the samples followed strict protocols to avoid
any contamination. The treatments applied to the samples as
well as the measurements were validated by the analysis of
reference materials and doped matrices.

III.  RESULTS AND DISCUSSIONS

The results of these analyses indicate that they contain
metal traces (Cadmium, Lead and Mercury) from Sarda sarda
in the area of NOSY FALY (Ambanja) and RAMENA (Diégo
Suarez).

A. Levels of trace metals in the liver of Sarda sarda studied.
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The liver is recognized for its roles in storage and
regulation of elements [18, 19]. It plays a role in the
distribution, detoxification and transformation of
contaminants, and is the preferred target for organic mercury
[20]. Table 1 illustrates the average concentration of metal
traces in the liver of Sarda sarda studied.

TABLE 1: Average concentration (n=5) of metal traces in the liver of Sarda
sarda analyzed
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illustrates the average concentration of metal traces in the gills

of Sarda sarda analyzed.

TABLE 2: Mean (n=5) concentration of metal traces in the studied Sarda

sarda gills
Ramena Nosy Faly
Cd (mg.kg™") 0,016 +0,001 0,011 +0,003
Pb (mg.kg™") 0,049 +0,002 0,049 +0,005
Hg (mg.kg™") <LD <LD

Ramena Nosy Faly
Cd (mg.kg™") 0,031 £0,005 0,082 +0,07
Pb (mg.kg") 0,092 +0,008 0,054 £0,008
Hg (mg.kg") <LD <LD

From table 1, we observe that cadmium is present at the
RAMENA site as well as at the Nosy Faly site. It is indeed
striking to note that high values are detected in places
apparently not very polluted: at RAMENA and at Nosy Faly.
Indeed, Moukrim et al. proposed that these high levels of Cd
are probably attributable to the phenomenon of Upwelling
[21]. The most significant concentrations of Cd found in liver
samples are explained by the function of the liver, which is an
organ of accumulation and detoxification. Cadmium levels in
the liver of Sarda sarda in our study are lower than those
reported by Hernandez et al : 0.3 mg.kg! [22], Canlietal.: 3
mgkg-1[23] and by Canlietal.: 4.8 mgkg ! [24]. Our results
are similar to those reported by El Morhit et al. [25].

Pb concentrations may increase as the food chain
progresses, as is the case for mercury in its methylated form
[26]. Lead levels in the liver of Sarda sarda from both sites are
noted. It is noted that the RAMENA site exhibits 0.092 +
0.008 mg.kg!, while the Nosy Faly site displays 0.054 £ 0.008
mgkg!. Data available in the literature indicate that lead
levels in the liver of Sarda sarda range from 0.3 mg/kg to 39.4
mg/kg [27],[28]. Pb contamination is mainly due to urban and
industrial liquid discharges, as well as pollution caused by car
traffic [29].

Mercury (Hg) levelsin the liver indicate a recent ingestion
of mercury by the body. The liver also has a crucial function
in mercury accumulation and metabolism in fish [30, 31, 32].
We observe thatthe concentration of mercury in the liver of
Sarda sarda from the RAMENA and Nosy Faly sites is lower
than the detection limit.

B. Average concentrations (n=>5) of metal traces in the gills of
Sarda sarda analyzed

The gills represent one of the first interfaces between water
and the organism. Due to their crucial role in extracting life-
sustaining elements directly from their environment, the gills
also serve as an initial site for adsorption and accumulation of
metals. The interaction with the external gill surface and the
rate of assimilation depend on the chemical properties of the
metals [19] as well as physiological factors such as the
ventilationrate. Concentrations of trace elements in the gills
generally reflect the composition of the environment over a
short period [ 18], especially in case of point pollution. Metal
traces are first accumulated in the gills, which act as
temporary target organs, before being transferred to digestive
organs such as the liver, kidneys and intestine [33]. Table 2
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Table 2 presents the levels of Cd in the gills of Sardasarda
from different sampling sites. Mean concentrations vary
significantly between sampling sites, such as Ramena (0.016 £
0.001 mgkg!) and NOSY Faly (0.011 £+ 0.003 mgkg?).
Hernandez et al. and El Morhit et al. [28], [25] reported
comparable Cd concentrations (0.06 and 0.08 mgkg-1
respectively). On the other hand, the levels of Cd observed in
the gills of Sarda sarda in the Mediterranean [23], [24] exceed
our results. No difference in lead concentration was observed
in the gills between RAMENA and NOSY FALY sites (0.049
mg.kg-1). The results of our study are significantly lower than
those reported by Hernandez et al. (0.5 mg.kg'') [28] and El
Morhit et al. (18.8 mg.kg-1) [25]. Regarding RAMENA and
NOSY FALY, the very low levels of mercury in the gills of
Sarda sarda indicate that water in direct contact with fish
contains little or no mercury, and therefore no recent intake of
total mercury is noted.

C. Average (n=>5) metal trace contents in the studied Sarda
sarda pulpits.

The chairs, in addition to the liver, represent the most
essential organs from a toxicological point of view because of
their crucial role in the processes of metabolism and
accumulation. By crossing the intestinal or branchial walls,
metals enter the blood stream where they bind to
haemoglobin. The metals are then transported to target tissues.
The pulpits and the liver are especially noteworthy among
these organs. Table 2 presents the average concentration of
metal traces in the Sarda sarda chairs that were studied.

TABLE 3: Mean concentration (n=5) of metal traces in the studied Sarda
sarda chairs

Ramena Nosy Faly
Cd (mg.kg™") 0,006 +0,001 0,005 +0,001
Pb (mg.kg") 0,023 +0,005 0,016 +0,004
Hg (mg.kg!) <LD <LD

< LD: lower than the detection limit.

Table 3 illustrates the distribution of mercury in muscle.
The observed values are below the detection limit in the two
studied sites. The concentration of lead in tissues between the
RAMENA site (0.023 £ 0.005 mg.kg!) and the NOSY FALY
site (0.016+0.004 mg.kg!) is noted. The results of our study
are not very comparable to those reported by Adil CHAHID et
al. (0.016 mg.kg'! to 0.023 mg.kg!) [34] [35]. The cadmium
levels in Sarda sarda muscle in our study are similar to those
mentioned by Chahid et al. [36] [37].

IV. CoONCLUSION

Cadmium, lead and mercury are present in all
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environmental compartments and have become an
international concern due to their toxicity to the organism and
the environment. That is why these three metals and their
harmful effects are the subject of increasingly detailed studies.
This research provides new knowledge thatis crucial not only
for understanding site contamination, but also more generally
for assessing the risks associated with consumption of certain
fishery products. We have demonstrated that the average
cadmium content in the analyzed products ranges from 0.005
0.001 mg.kg-1 to 0.082 0.07 mg.kg-1, the concentration of
lead fluctuates between 0.016 0.004 mg.kg-1 and 0.092 0.008
mg.kg-1, while that of mercury is below the detection limit.
All samples analyzed have average concentrations of Cd, Pb
and Hg that remain below regulatory limits. Therefore, the
Sarda sarda from the DIANA region does not represent any
risk for consumers of this species.
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