
Page 1 of 8

Application of Ecotoxicological and Geochemical  
Techniques in Marine Sediments

Lucía Hernández Rodríguez1, Cristina Gómez Teruel2, Maria Ángeles Esteban2 and Salvadora Martínez 
López1*
1Department of Agricultural Chemistry, Geology and Pedology, Faculty of Chemistry, University of Murcia, Murcia, Spain
2Department of Cell Biology and Histology, Faculty of Biology, University of Murcia, Murcia, Spain

*Corresponding author: Salvadora Martínez López Department of Agricultural 
Chemistry, Geology and Pedology, Faculty of Chemistry, University of Murcia, Murcia, 
Spain

Received Date: August 04, 2025

Published Date: October 06, 2025

ISSN: 2993-8694                                                           DOI: 10.33552/AMME.2025.01.000521 
Advancements in 
Mining & Mineral Engineering

Research Article Copyright © All rights are reserved by Salvadora Martínez López

This work is licensed under Creative Commons Attribution 4.0 License  AMME.MS.ID.000521.

Abstract 
Dredging is a critical activity in various domains, particularly in addressing environmental impacts resulting from anthropogenic activities. 

However, the management of dredged sediments is complicated by the presence of numerous pollutants. The primary aim of this study was to 
characterize the dredged sediments from Los Nieto’s (Murcia, Spain), a region of significant environmental impact within the Mar Menor coastal 
lagoon. Subsequently, the study assessed the risks associated with arsenic (As) and lead (Pb) to public health and ecosystems, with a view to utilizing 
the dredged material for beach regeneration and the production of construction materials. To achieve this, the dredged sediments were analysed 
in accordance with the current Spanish regulation, DCDM 2021. The bio accessibility of potentially toxic elements (PTEs) was determined through 
in vitro digestion methods and was employed to evaluate public health risks in line with standardized regulations, such as those of the USEPA. 
Additionally, the transfer of PTEs to the aquatic ecosystem was investigated through an ecotoxicological study involving oysters, chosen for their 
filtration capacity. These organisms were exposed to the contaminated dredged sediments, which were configured as beach sand and construction 
concretes. The findings indicated that marine sediments in proximity to pollution sources, such as ports and watercourses, exhibited the highest 
concentrations of total and bioavailable PTEs. Sediments from these areas also posed an unacceptable risk to human health and facilitated the 
transfer of PTEs to the aquatic ecosystem, whereas the health risk was deemed acceptable for the remaining surveyed areas. In summary, this 
study underscores the importance of employing geochemical, mineralogical, and ecotoxicological techniques in the analysis of marine sediments, 
highlighting the risks associated with PTEs to public health and ecosystems, in the pursuit of novel productive applications for dredged material.
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Introduction

Dredging involves the translocation of marine sediment form 
one place of the ocean to other ones [1] named as ocean dumping 
sites [2]. It has been improved while the development of the mari 

 
time transport, the principal transportation system of the interna-
tional trade [3]. Nowadays, dredging is one of the most important 
not only in the maintaining of navigation channels, but also in flood 
control or environmental remediation [3,4]. In Europe, 300 million 
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m3 of sediment is dredged annually as in USA, while 100 million 
m3 of sediment is dredged annually in China [5]. However, dredging 
has a major problem related to the management of dredged materi-
al. Dredged sediments are considered a toxic waste due to the num-
ber of pollutants contained including microplastics and Potentially 
Toxic Elements (PTEs) like arsenic (As) or lead (Pb) [1,2,6,7]. This 
supposes a huge environmental problem as it can cause a second 
contamination [1,3]. For that reason, recent research is aimed to 
reduce pollution and reuse de dredged material in other purpose 
like construction material and biofertilizer [1,8,9].

To ensure the proper management of the dredged material, var-
ious international conventions and national guidelines have been 
established [10]. In Spain, the current regulations governing dredg-
ing operations are called “Guidelines for the characterisation of 
dredged material and its relocation in waters in the maritime-ter-
restrial public domain, 2021” [6]. This regulation firstly makes a 
chemical characterisation according to the amount of total PTEs in 
the dredged sediment. However, some recent research show that 
the toxicity of PTEs not only depends on the total concentration in 
sediments, but also on the PTEs biodisponibility [10, 11, 12, 13, 14, 
15]. The biodisponibility of PTEs is the part of the pollutant that 
arrives to the systemic circulation [7,11,16]. It is determined by in 
vivo methods, so it is usually replaced by bioavailability, which in-
cludes in vitro methods for analysing human health risk associated 
with PTEs [17, 18]. The increasing levels of PTEs, like As and Pb, 
in polluted soils of coastal areas influenced by mining activity, may 
pose a serious problem for human health and ecosystems [17, 18]. 
As and Pb can be found in nature in different states that determine 
bioavailability and toxicity [18,19]. Lead is considered a possible 
carcinogenic and a potent neurotoxic [18, 20, 21]. In nature, it usu-
ally appears as the insoluble state, Pb (II), but highly mobilisation 
which causes toxicity. In marine sediments, Pb concentration is in-
creased by Fe and Mn hydroxides and organic matter [18]. Arse-
nic is a carcinogenic, teratogenic and mutagenic element [17]. It is 
highly distributed, and it appears in two oxidation states: As (III) 
and as (V). As (III) is more toxic than as (V) due to it can link to 
sulfhydryl groups and being introduced easily to organisms. As mo-

bilization increases also in soils with high organic matter content 
but decreases with Fe and Mn oxides [19]. 

Mar Menor lagoon is a hypersaline lagoon located in the south-
east of Spain. It is separated from the Mediterranean Sea by a sand 
barrier named La Manga (Murcia) [20]. Mar Menor is one of the 
largest coastal lagoons in Europe with a high tourist attraction and 
socio-economic value [11]. However, it has been altered by pollution 
from anthropogenic activities, like mining [20,21]. It has caused the 
sedimentation of metals from Sierra La Unión-Cartagena for 3000 
years, with the Phoenicians [11]. Nowadays, high concentration of 
PTEs continues in the lagoon, especially in the mouth of the water-
courses [22]. PTEs biodisponibility and the possible transference of 
PTEs to the organisms of Mar Menor has been studied [22]. Among 
these organisms are bivalve molluscs, which include oysters [23]. 
This group has an important role in toxicological studies and bio-
monitoring of pollutants as its biological characteristics such as 
widely distribution, abundance and filter feeding [23, 24, 25]. A 
particular case is the European flat oyster (Ostrea edulis), which 
lives in the Mar Menor lagoon and has an important gastronomic 
and ecological role worldwide [26,27].

The overall aim of this work is to study bioaccessibility of PTEs 
presented in dredged marine sediments from Los Nietos, a highly 
environmental impacted zone of Mar Menor (Murcia, Spain) and 
the possible transference to humans and aquatic ecosystems. The 
specific goals are: 1) dredged sediments characterisation 2) analys-
ing the potential risk associated with PTEs for human health and 3) 
analysing the possible transference of PTEs from the dredged sedi-
ments to aquatic ecosystems. 

Materials and Methods

Study area and sampling

The study area was Los Nieto’s, located to the south of Mar 
Menor lagoon (Murcia, Spain). It is one of the most affected zones, 
where there is one of the highest concentrations of PTEs. Twenty 
sampling stations were determined and one sample per station was 
taken with corer.

Figure 1: A) Localisation zone Proyect GEOSEM. B1-3) example sampling stations Los Nietos. D) corer for taking samples. E) example of 
sieved sample.
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Sample treatment

The dredged sediment samples were air-dried and sieved to <2 
mm granulometric fraction.

Characteristics of the Marine Sediments

Organic matter content (%) was determined by Page procedure 
[28]. 

A semiquantitative estimation of the mineralogical composi-
tion of the samples was made by powder X-ray diffraction (XRD) 
analysis using Cu-Ka radiation with a PW3040 Philips Diffractome-
ter (Amsterdam, The Netherlands). X-powder 12 software was used 
to analyse the X-ray diffractograms obtained [29]. The powder dif-
fraction file (PDF2) database was used for peak identification.

PTEs bioaccesibility was analysed by in vitro digestion. For 
that purpose, the gastric solution was prepared according to the 
standard operating procedure developed by the Solubility/Bio-
availability Research Consortium. Finally, two phases known as 
stomach and intestinal were established [17], from which the phase 
with the highest concentration was taken for the results.

PTEs total concentration

The samples were placed in Teflon containers together with 5 
mL of concentrated acidic HF solution, consisting on 2 mL of con-
centrated acidic HNO3 solution and 5 mL of ultrapure water. The 
vessels were placed in an ETHOS laboratory microwave system 
[Milestone, Sorisole (BG), Italy] [17], where sample digestion was 
carried out. The samples were then transferred to a volumetric 
flask and made up to 50 mL. Finally, the samples were placed in 

additional Teflon containers for storage prior to measurement [11].

Dredged sediments classification was made by considering to-
tal concentrations of As and Pb and following article 22: levels of 
actin of the Spanish regulation [6].

Exposure assessment and characterization of public health 
risk associated with PTEs

Current standardized regulations (USEPA) were used to evalu-
ate and characterize the human health total risk associated with As 
and Pb (carcinogenic risk and hazard index). Intake risk, inhalation 
risk and dermal adsorption risk were calculated and were joined to 
determine human health total risk.

Transference of PTEs to the aquatic ecosystem 

An ecotoxicological bioassay was made to evaluate the possible 
transference of PTEs to the aquatic ecosystem. The ecotoxicolog-
ical study was made in the aquariums of the Immunobiology for 
aquaculture research group, which were in the Animal House of the 
University of Murcia (Spain). A total of 49 individuals of European 
flat oyster (Ostrea edulis) were purchased (Fresco y del mar, Cam-
bados, Galicia, Spain) were used. They were located in an acclimata-
tion tank of 130 L for 10 days. The environmental conditions during 
the experiment were recorded daily. The temperature of the water 
was 20ºC, the salinity was 32 ppm, and the oysters were fed once a 
day with jelly phytoplankton (Easy booster).

Experimental design and sampling  

The experimental design comprises four distinct groups, each 
with one replica, housed in 50 L saltwater recirculation tanks (Fig-
ure 2). The groups were as follows:

a.	 Control (n=9 individuals) consisting solely of oysters.

b.	 Polluted sand (n=11 individuals) containing oysters with 
dredged marine sediments 

c.	 Control concrete (n=12 individuals) featuring oysters with 
concrete made from natural sand.

d.	 Polluted concrete (n=11 individuals), which includes oysters 

with concrete made from polluted sand and a patented method 
by the Soil Contamination Research Group for metal immobi-
lization. 

The duration of the experiment was 30 days, with sampling 
conducted on day 0 and day 30. Samples were collected from the 
meat and shell of oysters (6 individuals per experimental tank) and 
from water (2 replicates per experimental tank).

Figure 2: Image of the 4 aquariums used in the ecotoxicological experiment: A) solely of oysters. B) oysters with polluted sand. C) oysters 
with concrete made from natural sand. D) oysters with polluted sand and a patented method.
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Sample treatment and analysis 
Oyster samples (meat and shell) were air-dried y sieved. Then, 

two different digestions were made to determine EPTs concentra-
tions in the different parts of the animals. For oyster meat (organic 
part) digestion, a high-pressure Milestone ETHOS PLUS microwave 
system was used. The meat was placed in Teflon tubes with 3 mL 
of milliQ water, 2 mL of H2O2 and 5 mL of concentrated HNO3. For 
oyster shell (inorganic matter), high pressure Milestone ETHOS 
PLUS microwave system was also needed. The shell was placed in 
Teflon tubes with 5 mL of concentrated hydrofluoric acid, 2 mL of 
concentrated nitric acid and 5 mL of milli water. Then, both parts of 
the oyster samples were brought to 50 mL and stored until analysis.

Water samples were filtered through 0.45 µm cellulose acetate 
filters and placed in 10 mL test tubes.

Transference Factor (TF) was calculated as the concentration 
relation between two parts of an organism following the equation:

shell

valve

CTF
C

=

where Cshell is the total concentration of PTE (As or Pb) in the 
oyster´s shell, and Cvalve is the total concentration of PTE (As or Pb) 
in the oyster’s valves.

Statistics analysis. RStudio (version 4.4.2) and Excel (Micro-
soft 265) were used for the statistics analysis.

Results and Discussion

General characteristics of dredged materials

Results indicated that the dredged materials comprised min-
erals characteristic of marine environments [21, 30, 31], consis-
tent with findings from previous studies conducted in the lagoon 
[11,30]. The predominant minerals identified were quartz, arago-
nite and calcite while muscovite, dolomite, halite and gypsum were 
present in smaller proportions. Notably, minerals indicative of min-
ing contamination, such as goethite or pyrite, were absent [21]. 
These findings suggest an absence of mining waste inflow from the 
abandoned Sierra Minera de la Cartagena-La Unión.

The average carbon content was measured at 2.85%, with a 
minimum of 1.25% and a maximum of 16.01%, and the majority 
of samples exhibited levels below 2.77%. The mean organic mat-
ter content was 4.89%, with a range from 2.15% to 27.53%. Both 
organic matter and carbon content were lower compared to those 
reported [30] in areas of the lagoon adjacent to Los Nietos, with 
the proportion of organic matter exceeding 2%, which may indicate 
potential ecosystem degradation [31].

Total and bioccesible concentration of As and Pb

The total concentration of arsenic (As) ranged from 9 to 128 
ppm, while lead (Pb) concentrations varied between 50 and 2014 
ppm, with mean concentrations of 37.5 ppm and 560.7 ppm, re-
spectively. Upon comparison of the results, it was evident that 

both the total and bioaccessible concentrations of Pb in sediments 
exceeded those of As. Notably, samples collected in proximity to 
contamination sources, such as ports (stations 11 and 12) and wa-
tercourses (stations 9 and 10), exhibited the highest levels of both 
total and bioaccessible Pb, as well as total As. The bioaccessible as 
concentrations were found to be between 2 and 13 ppm, with an av-
erage concentration of 4 ppm, and predominantly below 5 ppm. In 
contrast, bio accessible Pb concentrations ranged from 35 to 1203 
ppm, with an average value of 317.2 ppm, and most samples exhib-
ited concentrations below 313.3 ppm.

In accordance with the 2021 Guidelines, the dredged mate-
rial was categorized based on the total concentrations of arsenic 
(As) and lead (Pb). All samples, except those from stations in close 
proximity to pollution sources, were classified as Non-Hazardous 
Sediment. The majority of these samples were designated as Ac-
tion Level C (stations 1 to 6, 8, 13, 14, 16, and 17), while others 
were classified as Action Level B (stations 7, 18, 19, and 20). Cer-
tain samples were identified as Hazardous Sediment or category 
R (stations 9, 11, and 12). Additionally, two stations (10 and 15) 
were classified as Non-Hazardous Sediment, as they exceeded the 
threshold for category C but did not reach the levels of Hazardous 
Sediment. As none of the samples were classified at Action Level 
A, they are unsuitable for use in beach regeneration due to their 
potential biological risk to aquatic ecosystems [32]. It was observed 
that samples collected at the port (stations 11 and 12) and near 
the watercourse (station 9) exhibited the highest concentrations 
of environmentally persistent toxins (EPTs) and posed the greatest 
risk, in contrast to samples obtained from more distant locations 
(stations 18, 19, and 20). 

Risk characterization of As and Pb

Results indicated that in the areas proximate to pollution sourc-
es (9, 11, and 12), the carcinogenic risk associated with arsenic (As) 
for both children and adults was deemed unacceptable (CR > 10-
05). Concerning the health risk associated with lead (Pb), only the 
Hazard Index for children in samples 9 and 11 was considered un-
acceptable.

A Pearson correlation analysis was conducted to examine the 
relationships between the general characteristics of marine sed-
iments, bio accessible and total concentrations of As and Pb, and 
the total human health risk associated with As and Pb (HI and CR) 
(Table 1). A strong correlation was identified between the risks as-
sociated with As and Pb (RC and HI) and the bioaccessibility of Pb 
(r>0.7; p<0.05), as well as the total concentration of As and Pb in 
sediments (r>0.7; p<0.001). Additionally, a strong correlation was 
observed between bio accessible As and the risks associated with 
as (r>0.7; p<0.05), while a moderate correlation was noted with 
the risks associated with Pb (r>0.5; p<0.05). There is also a mod-
erate positive correlation between the risk associated with As and 
the content of carbonates and organic matter (r>0.5; p<0.05). Re-
garding mineralogy, a moderate positive correlation exists between 
muscovite and the total risk associated with as (r>0.5; p<0.05), and 
a negative correlation is observed between dolomite content and 
the risks associated with As and Pb (r>0.5; p<0.05).
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Table 1: Relation between human health risk associated with As and Pb, general characteristics of dredged materials and total and bioaccessible 

concentrations of PTEs.

r RCAs HIAs RCPb HIPb

C C (%) C (%) C (%) C (%)

OM OM (%) OM (%) OM (%) OM (%)

As bioaccessible concentration 0,73** 0,73** 0,68** 0,68**

Pb bioaccesible concentration 0,97** 0,97** 0,98** 0,98**

As total concentration 1** 1** 0,96** 0,96**

Pb total concentration 0,96** 0,96** 1** 1**

Quartz -0,18 -0,18 -0,17 -0,17

Aragonite 0,07 0,07 0,1 0,1

Calcite -0,29 -0,29 -0,23 -0,23

Muscovite 0,53* 0,53* 0,43 0,43

Dolomite -0,56* -0,56* -0,56* -0,56*

Gypsum -0,06 -0,06 -0,07 -0,07

Halite 0,08 0,08 0,01 0,01

*p<0,05 and **p<0,001

Principal component analysis (PCA) revealed that the first 
three components accounted for 80.37% of the total variance. The 
variables that predominantly contributed to dimension 1 included 
bio accessibility, total concentrations of As and Pb, muscovite con-
tent, and dolomite content. In dimension 2, aragonite content was 
the primary contributor, followed by quartz, dolomite, and calcite. 
Notably, no mining minerals such as goethite or pyrite were pres-
ent [21]. Subsequently, cluster analysis (K-means) identified three 
distinct mineralogical groups, comprising seven samples in group 
1, ten samples in group 2, and three samples in group 3 (Table 1). 

These groups exhibit differences in the bio accessibility of poten-
tially toxic elements (PTEs), which can be attributed to the varying 
environmental geochemistry of the zones [10, 13, 18, 19, 33]. Both 
As and Pb are transported from the Sierra Minera La Unión-Carta-
gena [34] via watercourses to the lagoon [7], and in the port area, 
the elevated concentration of PTEs is attributed to ship fuels [35]. 
Quartz serves as an indicator of continental influence [31], being a 
resistant mineral that can impede the mobilization of PTEs [21,36]. 
Similarly, dolomite and calcite are formed in environments with 
high alkalinity, which neutralizes the acidity originating from min-
ing waters [36,37].

Table 2: Mineralogical groups.

Variable Group 1 Group 2 Group 3 SD Median Range

As bioaccessible concentration (ppm) 3,6 2,8 9,0 3,4 3,6 2,8-9

Pb bioaccesible concentration (ppm) 153,0 224,3 1010,0 475,5 224,3 153-1010

C (%) 2,4 2,0 6,7 2,6 2,4 2-6,7

OM (%) 4,1 3,4 11,6 4,5 4,1 3,4-11,6

quartz (%) 31,4 53,6 38,3 11,4 38,3 1,4-53,6

aragonite (%) 31,4 16,1 23,3 7,7 23,3 16,1-31,4

calcite (%) 25,1 18,6 18,0 4,0 18,6 19-25,1

muscovite (%) 5,7 6,6 16,7 6,1 6,6 5,7-16,7

dolomite (%) 4,1 2,6 1,3 1,4 2,6 1,3-4,1

gypsum (%) 1,1 1,2 1,0 0,1 1,1 1-1,2

halite (%) 1,0 1,3 1,3 0,2 1,3 1-1,3

As total concentration (ppm) 21,0 24,1 121,0 56,9 24,1 21-121

Pb total concentration(ppm) 330,4 391,5 1662,0 751,8 391,5 330,4-1662
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The Fischer test revealed a statistically significant association 
between mineralogical groups and the carcinogenic risk related to 
as for both children and adults, as well as the hazard index for Pb 
in children (p-value < 0.05) (Table 2). Moreover, the strength of this 
relationship is substantial in all instances (Cramér’s V, V > 0.7). The 
analysis of standardized residuals indicated that only group 3 con-
tributed to an unacceptable human health risk associated with As 
and Pb (Figure 3). The dredged sediments from group 3, sourced 

from the port and the rambla, are environments with an anoxic 
tendency and are significantly influenced by anthropogenic factors 
such as maritime, mining, and agricultural waste, there by posing 
an unacceptable risk to human health. In contrast, zones less im-
pacted by these factors, due to their mineralogical components that 
immobilize potentially toxic elements (PTEs), do not contribute to 
an unacceptable human health risk.

Transference of PTEs to aquatic ecosystems

The concentrations of As and lead Pb measured in the water 
samples were notably low, with values approaching or below the 
detection limit (< DL). A slight increase in as concentration was ob-
served at the conclusion of the experiment (30 days) in the tank 
containing untreated dredged marine sediment samples. A sig-
nificant transference of as was noted within the organism, which 
was more pronounced in polluted sand and polluted concrete. 
Conversely, the transference of Pb from water to the oyster’s body 
was only evident in the polluted sand group. In both instances, the 
transference of potentially toxic elements (PTEs) highlighted the 
substantial bioaccumulation capacity of oysters, attributable to 
their filter-feeding nature [38,39]. Furthermore, the greater trans-
ference of as to the organic component of the organism (flesh) com-
pared to the inorganic component (shell), as opposed to Pb, sug-
gested a higher mobilization and affinity of as than Pb in the organic 
parts of organisms [39].

Conclusion

The study identifies a significant correlation between the gen-
eral characteristics of dredged sediments, the bio accessibility of 
PTEs such as as and lead Pb, and the associated human health risks 
and transference of PTEs to aquatic ecosystems. Although current 

legislation considers only the total concentration of PTEs in the pro-
ductive use of dredged materials, this research confirms that total 
concentration is not the sole influencing factor. The toxicity of PTEs 
is also contingent upon their bio accessibility, which is affected by 
the geochemical characteristics of the area. Furthermore, dredged 
sediments from Los Nieto’s are deemed suitable for beach regen-
eration, except in areas proximate to pollution sources, as there 
is no unacceptable human health risk associated with As and Pb. 
Similarly, there is no transference of As and Pb to aquatic ecosys-
tems, except in samples from zones near pollution sources. Finally, 
the analysis of human health risk and transference to ecosystems is 
an essential methodology for determining new productive uses of 
dredged materials. Determining the mineralogical composition of 
marine sediments is crucial in these marine areas near abandoned 
mining sites. These results are instrumental in ascertaining wheth-
er sediments with high concentrations of heavy and trace elements 
are attributable to the presence of mining residues or other anthro-
pogenic activities.
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