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Abstract: The need to define assessment criteria for the biological
effects of contaminants on marine organisms has become
increasingly pressing in recent years (Barcellona Convention; Marine
Strategy Framework Directive). In the Mediterranean region, while
threshold values for biomarkers in mussels have been defined under
the UNEP-MAP Monitoring Programme, similar criteria for fish are
currently lacking. To fill this knowledge gap, ltaly has initiated a
process under its Marine Strategy National Monitoring Programme,
coordinated by ISPRA, to define national thresholds for biomarkers in
Mullus barbatus. Between 2019 and 2023, ISPRA conducted
biomarker analyses on specimens collected across three Italian
Mediterranean subregions: Adriatic Sea (MAD), lonian and Central
Mediterranean Sea (MIC), and Western Mediterranean Sea (MWE).
The analyses focused on key biomarkers—micronuclei frequency,
acetylcholinesterase activity, lysosomal membrane stability, and
cytochrome P450 activity—to assess genotoxicity, neurotoxicity,
physiological alterations, and alterations of the biotransformation
system. Threshold values were calculated using data from reference
sites characterized by low chemical contamination in sediments. A
biomarker-based index (CBEI index) was developed to evaluate Good
Environmental Status (GES) under Descriptor 8 (Criterion 2), taking
into account calculated thresholds for M. barbatus. The CBEI
assessment across the three subregions (MAD, MIC, MWE) revealed
distinct quality statuses.

Keywords: biomarker; fish; biological index; assessment criteria;
Mullus barbatus.
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1.
Introduction

The Marine Strategy Framework Directive (2008/56/EU Dir.), named MSFD, is an
important governance tool for the marine environment, promoting the adoption of
complex strategies aimed at achieving Good Environmental Status (GES) for the
protection of the marine ecosystems. GES is defined by 11 environmental descriptors,
among which Descriptor 8 (D8) concerns the concentration of contaminants, which
should be at levels not giving rise to pollution effects. For this purpose, the Commission
Decision (EU) 2017/848 established several criteria, among which the secondary one
(D8C2) states: “the health of species and the condition of habitats [...] are not adversely
affected due to contaminants including cumulative and synergetic effects” and “Member
States shall establish those adverse effects and their threshold values through regional
or subregional cooperation”.

The MSFD has been transposed into the Italian Legislative Decree, according to which a
first National Monitoring Programme (NMP) was established in 2010 and updated in
2020 (art. 11, Legislative Decree 190/2010). In the updated NMP, in addition to the
concentration of contaminants in the environmental matrices (D8C1), the effects of
contaminants on marine organisms were included (D8C2). Since 2019, the Italian
National Institute for Environmental Protection and Research (ISPRA), on behalf of the
Italian Ministry of Environment and Energy Security (MASE), has been analyzing
several biological responses in marine organisms of national seawaters. The NMP related
to D8C2 was defined by ISPRA taking into consideration the recommendations provided
in the Integrated Monitoring and Assessment Programme (IMAP) under the Barcelona
Convention (1976) and its Protocols, adopted in the framework of the Mediterranean
Action Plan of the United Nations Environment Programme (UNEP-MAP, 2017; UNEP-
MAP, 2019), besides those of the Italian legislation (Legislative Decree 190/2010). The
target species chosen for D8C2 of NMP was the red mullet (Mullus barbatus). This
species is a territorial benthic fish, widely distributed along all the Mediterranean coasts
with well-known ecological and physiological characteristics. The red mullet tends to
accumulate pollutants to a greater extent than other species and shows pronounced
sensitivity to different kinds of pollutants (Della Torre et al., 2010, and references
therein). These characteristics render M. barbatus a suitable sentinel organism in
Mediterranean marine coastal areas (UNEP-MAP, 2021). Furthermore, the use of a
benthic species allows to relate the biological effects (D8C2) with the concentration of
contaminants in sediment (D8C1). The NMP included a set of biomarker analyses: three
“mandatory” analyses, namely micronuclei frequency, acetylcholinesterase activity and
lysosomal membrane stability, and an ‘“additional” biomarker the cytochrome p450
activity. These analyses permitted the assessment of genotoxicity, neurotoxicity, and

DOI.ORG/10.82010/JECO.BSRC.2025.03

72

BSRC.IT/JECO



JECO 2025, 06, 1

eventual alterations of the physiological status and of the organic compounds
biotransformation system, respectively. According to the GES definition (art.9 of
Legislative Decree 190/2010), in order to assess the effects of contaminants on biota
(D8C2), “significant changes with respect to controls or threshold values” need to be
measured. The threshold values correspond to the “baseline levels” of biological
responses (Davies and Vethaak, 2012). To date, in the Mediterranean Sea the threshold
values for biomarkers have been defined only for mussels (UNEP-MAP, 2016, and
UNEP-MAP, 2017), while for fish UNEP suggests referring to the ICES-OSPAR
(Internation Council for the Exploration of the Sea - Convention for the Protection of the
Marine Environment of the North-East Atlantic) benchmarks (Davies and Vethaak, 2012;
ICES, 2013). The ICES-OSPAR threshold values for biomarkers in M. barbatus have
been defined in 2012 (updated on 2013) using data until 2010 related to the North-East
Atlantic and the French and Spanish seawaters of the Mediterranean Sea. Moreover, the
Commission Decision (EU) 2017/848 (art.4, par.2) indicates that “until Member States
have established threshold values through Union, regional or subregional cooperation
as required under this Decision, they may use any of the following to express the extent
to which good environmental status is being achieved: (a) national threshold values,
provided the obligation of regional cooperation laid down in Articles 5 and 6 of
Directive 2008/56/EC is complied with; (b) directional trends of the values, (c) pressure-
based threshold values as proxies”. Therefore, updated threshold values for biomarkers
in fish of the Mediterranean Sea need to be defined, considering also the specific
condition of the Italian seawaters. To date, few studies on biomarkers in M. barbatus
caught in the Italian seawaters are available in the scientific literature (Burgeot et al.,
1996; Corsi et al, 2002; Lionetto et al., 2003; Bolognesi et al., 2006; Viarengo et al.,
2007; Zorita et al., 2008; Morroni et al., 2020). Most of these studies are outdated, and
their data are frequently non-comparable as they are derived neither from identical target
tissues nor through standardized methodological protocols. Moreover, being related to
specific case studies, they do not permit to have a sufficient spatial coverage of Italian
seawaters.

The aim of this paper is to fill this knowledge gap presenting some preliminary threshold
values calculated for biomarkers in M. barbatus from Italian seawaters and a suitable,
robust integrated and calibrated index of biological effects of contaminants, which can
be used for the GES assessment under MSFD D8C2. This index is necessary for
processing data acquired in the national monitoring of the biological effects of
environmental contaminants (i.e., PAH, metals, etc.) using an integrated approach that
reflects short-term and long-term effects of marine pollution.

The Italian threshold values were calculated using data obtained on red mullet (M.
barbatus) caught in the Italian seawaters since 2019 during the National MSFD
monitoring activities and analyzed according to harmonized methodological protocols
(UNEP-MAP, 2021). The MSFD monitoring activity provides a large amount of data,
acquired on the same species and target tissue using a consistent methodological
protocol, making it highly suitable for threshold calculations.

The Italian threshold values were used to define the good status of the organisms in the
Italian Mediterranean Sea and to assess the GES achievement for D8C2, as requested by
MSEFD.
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2.
Materials and
Methods

2.1 Sampling

From 2019 to 2023 ISPRA, on behalf of the MASE, collected 560 specimens of adult
Mullus barbatus (both gender, size range: 12-18 cm) during their post-spawning period
(from September to November), from 28 sites located in the three subregions of the
Italian Mediterranean Sea (temperature range of 14-21°C, salinity range of 38-39 psu,
and dissolved oxygen range of 73-124 umol O2/1): the Adriatic Sea (MAD), the Ionian
Sea and Central Mediterranean Sea (MIC) and the Western Mediterranean Sea (MWE).
After being caught by a trawling net, fish have been collected and immediately stored in
ice, sacrificed and dissected in the field (approximately after 1.5 hours). For each
specimen the biometric parameters such as total length and eviscerated weight, gender,
reproductive state, together with gonad and liver weight were scored; the target tissues
for the biomarker analyses were collected and stored in agreement to the specific
methodological protocol until analysis (UNEP-MAP, 2021). Environmental conditions at
the sampling sites (temperature, salinity and dissolved oxygen of bottom water) were
obtained through the Copernicus Data Service (https://data.marine.copernicus.eu/viewer)
and/or Italian SIC database of the Marine Strategy NMP (http://www.db-
strategiamarina.isprambiente.it/app/#/).

2.2 Analyses of biomarkers

Biomarker analyses were performed according to the UNEP or ICES harmonized
methodological protocols: UNEP-MAP (2021) for micronuclei frequency (MN),
acetylcholinesterase activity (AChE) and lysosomal membrane stability (LMS-HEXO);
ICES TIMES (2016) for CYP1A activity (EROD). The method used for protein
quantification was Bradford (1976) for AChE, and Lowry et al. (1951) for EROD. LMS-
HEXO was measured in liver using a cryostatic method; MN was measured in
erythrocytes using an optical method; AChE was measured in brain and muscle using a
spectrophotometric method; the CYP1A activity was measured in liver by evaluating the
ethoxy-resorufin-O-deethylase activity with a spectrofluorimetric method, using
microsomal fraction, which is generally preferred as there are fewer interferences from
cytosolic and lysosomal components than S9 fraction (ICES TIMES, 2016). Each
analysis was performed in 7-10 specimens (replicates) at each site. The biometric
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parameters were used to calculate the gonadosomatic index (GSI). Data of biomarker
analyses performed on M. barbatus by ISPRA in the MSFD National monitoring activity
can be found in the Italian SIC (Sistema Informativo Centralizzato) database (http://
www.db-strategiamarina.isprambiente.it/app/#/).

2.3 Reference Sites (RSs) selection

To calculate threshold values, UNEP-IMAP and ICES-OSPAR recommend using data
obtained from Reference Sites (Davies and Vethaak, 2012; UNEP-MAP, 2015).
Therefore, a number of Italian Reference Sites (RSs) were selected from those monitored
for MSFD, considering only the sites presenting a low contamination level in sediment
(corresponding to chemical quality judgment = GOOD). Contamination was assessed
according to the Chemical Quality Index (CQI), integrated for all classes of
contaminants (Maggi et al., 2022) in sediments (data from 2016 to 2021).

Italian sediment chemical data related to D8C1 MSFD monitoring activity are reported
both in the Italian SIC database and in the MEDPOL (Mediterranecan Pollution and
Research Programme) of UNEP-MAP Infosystem database (http://imapinfosystem.info-
rac.org/app/#/).

2.4 Analysis of data for threshold values

The background/threshold values (BAC, background assessment criteria) have been
calculated for each parameter using the precautionary method recommended by UNEP-
MAP and ICES-OSPAR (Davies and Vethaak, 2012; UNEP-MAP, 2015; UNEP-MAP,
2016; UNEP-MAP, 2021). This method consists in calculating the empirical 90th
percentile of the mean value obtained for organisms from RSs, for parameters with
increasing trend (i.e. MN, EROD), and the 10th percentile for biomarkers with a
decreasing trend (i.e. LMS-HEXO, AChE). The reason for this decision was that
elevated responses would lie above 90th percentile, whereas most of values below 90th
percentile belong to unexposed, weakly to medium exposed, or non-responding adapted
individuals. Therefore, IT-BAC was defined as a typical biomarker value in fish from a
“healthy” Italian population, above which (or below which, in the case of biomarker with
a decreasing trend) the presence of a biological alteration can be attested.

Moreover, to identify the threshold level that gives rise to concern “above” the
background assessment criteria (value > BAC) (or “below” it, value < BAC, in the case
of biomarker with a decreasing trend), a second threshold, called Italian Threshold of
Biological Relevance (IT-TBR), was defined for each biomarker. IT-TBR represents a
benchmark of biological significance, specifically the value “above which” (or “below
which”, in the case of biomarker with a decreasing trend) a biologically relevant
alteration is likely to occur. It was calculated as reported below:

IT-TBR; = IT-BAC; * (IT-BAC; X %dev;)

where “1” corresponds to each biomarker, and “% dev.” is the percentage of deviation
from BAC considered biologically relevant according to scientific literature (Piva et al.,

2011).
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2.5 Data cleaning and screening

To define the threshold value for each biochemical parameter, only data from RSs,
monitored from 2019 to 2023, were used. Before calculating threshold values any
statistical difference between genders was verified. Since no statistical differences
between sexes were observed (Kruskal-Wallis test, p > 0.05 for each biomarker), data
from both genders were pooled. Moreover, to exclude the potential influence of
reproductive status on biomarker results (Dalzochio and Gehlen, 2016), only data from
individuals with GSI >1.3 were considered. The mean biomarker value was then
calculated at each site, excluding any potential aberrant data. Italian biochemical data for
M. barbatus sampled in the DSC2 MSFD monitoring activity are reported in the Italian
SIC database and in the MEDPOL (UNEP-MAP) Infosystem database.

2.6 Calibrated Biological Effect Index (CBEI) and judgment

To assess the status of red mullet at each sampled site, an integrated biological index,
called the Calibrated Biological Effect Index (CBEI) was developed.

n
CBEL = Z class; X weight;
i=1

The CBEI value at each site (j) corresponds to the sum of the product of the CLASS and
the WEIGHT values, defined for each biomarker (i). The quality CLASS gives an
indication of the level of biological alteration, and it was assigned according to the
comparison of the mean value of each biomarker to its corresponding threshold values,
IT-BAC and IT-TBR (Table 1). Moreover, a different WEIGHT factor was assigned to
each biomarker according to their corresponding effect significance: a score of “2” for
biomarkers “of effect”, considered as “CORE” biomarkers (being mandatory in NMP),
such as LMS-HEXO, MN, and AChE, and a score of “1” for biomarkers “of exposure”,
considered as “Non-CORE” biomarkers (being additional in NMP), such as EROD
(Table 2).

Table 1. Quality classification rules. X = biomarker mean value at each site. In brackets
= the case of biomarker with a decreasing trend

Class value Effect
X <IT-BAC
0 absent/low absence of low biological alteration
(or X >IT-BAC)
IT-BAC <X <IT-TBR presence of biological alteration not
1 moderate
(or IT-BAC > X > IT-TBR) particularly relevant
X >IT-TBR presence of biologically relevant
2 high
(or X <IT-TBR) alteration
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Table 2. Weight assigned to each biomarker type. CORE = mandatory biomarker in
NMP; Non-CORE = additional biomarker in NMP

Class value Effect Weight
LMS-HEXO effect CORE 2
MN effect CORE 2
AChE effect CORE 2
EROD exposure Non-CORE 1

The CBEI value of each site was translated into a “biological quality judgment” (BQJ)
according to the CBEI threshold values reported in Table 3. These CBEI thresholds
derived from expert judgment and should be considered as preliminary. A requirement to
express the BQJ is that at least three CORE biomarkers must be analyzed.

The Index suitability was tested using data from MSFD monitoring activity related to
biomarkers measured in M. barbatus (2019-2021) collected at 17 stations distributed
across the three Italian subregions: 5 stations in MAD, 5 in MIC, and 7 in MWE.

Table 3. Biological quality judgment (BQJ) related to CBEI threshold values (C =
CORE biomarker; NC = Non-CORE biomarker)

3C+INC <3 >3 >5 >10

3C <2 >2 >4 >8

2.7 GIS elaboration and cartographic representation

Results of the biological effects assessment (D8C2) related to the MSFD monitoring
activities (2019-2021) were georeferenced in GIS (Software QGis 3.36; WGS84, EPSG
4258 - ETRS89). The area of each subregion was subdivided using a reference grid with
1:1 cell size ratio and 90-km side for biota, coherently with Maggi et al. (2022).

The CBEI of each site was averaged within each cell and rounded to the nearest whole
number to express a BQJ according to Table 3. Finally, each monitored cell was color-
coded according to its BQJ (green for GOOD, orange for MODERATE, red for POOR,
and violet for BAD).
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2.8 GES achievement

To evaluate the Good Environmental Status (GES) in each subregion, a pragmatic
approach was established. GES was considered achieved when > 60% of the sampled
area was classified as GOOD, and the NO-GOOD (POOR+BAD) area was < 25%.
Additionally, to assess the GES achievement, spatial coverage of > 50% of the
sampleable area was required.

In the case of M. barbatus, consistently with its ecology (Tserpes et al., 2002), the
sampleable area was defined within 500 m of depth.

3.
Results

3.1 RSs and threshold value for biomarkers in M. barbatus

Based on the CQI assessment of sediment contamination, 18 out of a total of 28 stations
were selected as RSs for M. barbatus biomarker data (dataset 2019-2023). These stations
are located across the three subregions: 8 in MAD, 7 in MIC, and 3 in MWE (Table 4).
To calculate the threshold value of LMS-HEXO, AChE and EROD, data from all RSs
were used (N = 126 records for each biomarker). However, for MN, data from only 15
sites were considered (N = 150 records), as in the remaining 3 stations, MN mean values
were above the critical limit of 0.9%o established by Piva et al. (2011) for the “class of
hazard C” (corresponding to a moderate hazard).

Table 4. Threshold values of biomarkers in M. barbatus in the RSs of the Italian
Mediterranean Sea (IT-BAC/TBR). B: brain; M: muscle; mic: microsomal cell fraction

Biomarker Tissue u.m. IT-BAC IT-TBR
LMS-HEXO liver min 22.61 16.96
MN erythrocyte %0 0.79 1.77
AChE-B brain nmol/min/mg prot 67.40 50.55
AChE-M muscle nmol/min/mg prot 33.35 25.16
EROD-mic. liver pmol/min/mg prot 81.11 234.32

DOI.ORG/10.82010/JECO.BSRC.2025.03

78

BSRC.IT/JECO



JECO 2025, 06, 1

3.2 Assessment using the CBEI Index

The Italian threshold values and the CBEI index were used as Assessment Criteria (AC)
to evaluate the biological responses of red mullet monitored for D8C2 from 2019 to
2021.

During this period 17 sites were sampled. The mean biomarker values and the CBEI
index calculated at each site are reported in Table 5. The comparison of mean biomarker
values at each site against their specific IT-BACs showed some critical biological
conditions in four sites of the MAD subregion (AS BO1, AS B02, AS B03, and
AS BO04), underlined by high values of MN and/or EROD, and/or low values of LMS-
HEXO; in only one site of the MIC subregion, high values of EROD and low values of
both AChE-B and LMS-HEXO were found. In none of the MWE sites the mean values
of analyzed biomarkers deviated from their specific IT-BACs.

The CBEI was calculated using data from LMS-HEXO, MN, AChE (only data coming
from brain tissue) and EROD (3 CORE biomarkers and 1 Non-CORE).
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Table 5. MSFD Italian monitoring activity (2019-2021). Mean value of biomarkers in M.
barbatus, CBEI values and BQJ. SD: standard deviation; sem: standard error. Bolded
numbers: values deviating from IT-BACs. B: brain; M: muscle; mic: microsomal cell

fraction
Site Subregion LMS-HEXO MN AChE-B AChE-M EROD-mic CBEI by site BQJ
by grid cell
. o I/min/mg ! ‘mg pmol
min %o prot prot prot
mean 24.24 172 99.32 nd. 76.14
19-AS_BO1 MAD 2
SD/sem 5.00 0.61 18.11 nd. 32.54
MODERATE
mean 21.88 0.90 80.64 n.d. 78.97
19-AS_B02 MAD 4
SD/sem 5.46 0.11 10.84 nd. 37.66
mean 27.57 126 94.06 nd. 123.00
19-AS_B03 MAD 3
SD/sem 233 0.18 17.25 n.d. 31.41
MODERATE
mean 3325 1.06 97.79 n.d. 75.71
19-AS_B04 MAD 2
SD/sem 6.22 0.15 20.67 nd. 61.75
mean 28.46 0.38 71.17 nd. 43.07
20-AS_B09 MAD 0 GOOD
SD/sem 10.97 0.13 14.28 nd. 12.05
mean 20.88 0.43 65.52 nd. 94.35
20-ISCMS_B02 MIC 5
SD/sem 7.37 0.14 11.54 nd. 25.85
mean 29.31 0.15 68.06 n.d. 54.31
20-ISCMS_B03 MIC 0 GOOD
SD/sem 7.50 0.04 18.01 nd. 19.49
mean 26.46 0.33 68.86 n.d. 57.19
20-ISCMS_B04 MIC 0 GOOD
SD/sem 7.88 0.11 18.34 nd. 26.70
mean 22.92 0.38 82.96 nd. 3736
20-ISCMS_B05 MIC 0 GOOD
SD/sem 9.28 0.10 23.10 n.d. 18.92
mean 23.75 0.78 83.33 n.d. n.d.
20-ISCMS_B06 MIC 0 GOOD
SD/sem 5.99 0.22 30.27 n.d. n.d.
mean 29.13 0.27 88.86 44.19 19.14
21-WMS_B04 MWE 0 GOOD
SD/sem 12.38 0.06 35.08 14.86 9.76
mean 30.90 0.34 106.53 38.81 42.99
21-WMS_B05 MWE 0 GOOD
SD/sem 7.23 0.12 48.38 13.41 12.89
mean 28.79 0.14 79.22 32.70 26.58
21-WMS_B07 MWE 0 GOOD
SD/sem 11.85 0.05 14.88 12.37 15.47
mean 32.90 0.16 65.86 33.25 28.85
21-WMS_BI10 MWE 2 GOOD
SD/sem 7.07 0.04 11.68 9.39 11.40
mean 29.75 0.22 97.55 37.99 12.08
21-WMS_B11 MWE 0 GOOD
SD/sem 10.46 0.06 42.80 12.79 535
mean 29.17 0.32 73.48 3091 30.37
21-WMS_BI2 MWE 0 GOOD
SD/sem 11.25 0.09 21.63 18.40 4.32
mean 27.29 0.14 85.51 31.03 31.95
21-WMS_BI13 MWE 0 GOOD
SD/sem 9.43 0.05 9.35 9.68 20.10
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3.3 GIS elaboration and cartographic representation

Results of the BQJ assigned to each grid cell assessed for D8C2 (dataset 2019-2021) are
reported in Table 5 and Figure 1.
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Figure 1. Map of the biological quality judgment
(BQJ) assigned according to CBEI to areas (90-km
side cells) monitored for MSFD-D8C2 (2019-2021) in
the Italian Mediterranean Sea.

The spatial coverage of sampled areas in each subregion and the percentage of sampled
cells with equal BQJ are reported in Table 6.

Table 6. Percentage coverage and percentage distribution of Biological Quality
Judgment (BQJ) categories in sampled cells for each subregion

Subregion Coverage GOOD BQJ MODERATE BQJ POORBQJ  BAD BQI
8 (%) (%) (%) (%) (%)
MAD 17 33 67 0 0
MIC 25 75 0 25 0
MWE 25 100 0 0 0
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4.
Discussion

The aims of this study were to calculate the national thresholds for LMS-HEXO, MN,
AChE, and EROD in the fish species M. barbatus, and to develop a robust and calibrated
index for the biological effects, to be used as assessment criteria for evaluating the GES
in the Italian seawaters, as required by MSFD.

Data from MSFD-D8 monitoring activities 2016-2023 were used to define threshold
values for fish biomarkers, while biomarker data from MSFD-D8C2 monitoring activity
2019-2021 were employed to evaluate the suitability of the assessment criteria proposed
in this study.

It should be emphasized that threshold values calculated in this study are preliminary
and specific for M. barbatus individuals of 12-18 cm in length, of both genders, and in
post-spawning condition, sampled in the Italian seawaters of the Mediterranean Sea.
Specimens of M. barbatus with different range sizes, sampled in different reproductive
status, and under varying environmental seawater conditions, may exhibit different
reference values. Therefore, these thresholds should only be used to assess the health
status of fish having the specific characteristics mentioned in Materials and Methods.
The thresholds will be updated as additional biological data from Italy and other
Mediterranean Countries become available.

The Italian threshold values (IT-BAC), calculated for each biomarker analyzed in the
NMP, were compared with threshold values (BAC) established by ICES-OSPAR for M.
barbatus: 20 min for LMS-HEXO in liver, 0.4%o0 for MN in erythrocytes, 118 and 155
nmol/min/mg for AChE in brain and muscle respectively, 115 pmol/min/mg proteins for
EROD-mic. This comparison revealed that BAC for LMS-HEXO was similar between
the two different assessment criteria, IT-BAC for MN was slightly higher than ICES-
OSPAR, and IT-BAC for AChE-C/M and EROD-mic were lower than ICES-OSPAR.
These discrepancies underscore the need to define region-specific thresholds for M.
barbatus of the Italian seawater which take into account local environmental conditions
and fish biological traits, emphasizing once again the importance of benchmarks tailored
to regional populations.

The Italian threshold values calculated for biomarker in M. barbatus, the robustness of
CBE]I, and its related BQJ were also evaluated by comparing our results with biomarker
data from scientific literature related to sites considered as controls, along with chemical
sediment data (MSFD-D8) near those sites, and the potential source of contaminants in
their proximity.

Regarding the CBEI index and BQJ, the proportion of areas (cells) with the same BQJ
suggested a “GOOD” biological status for MWE and MIC subregions (GOOD > 60%,
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POOR + BAD < 25%), and a “NON-GOOD” status for MAD (GOOD < 60%). Indeed,
in the MIC subregion, most cells have a good judgment and only a single cell has a
critical judgment such as “POOR”. The “POOR” BQIJ scored in the MIC area was
mainly related to neurotoxicity effects, physiological state alterations, and activation of
the detoxification system for organic compounds detected in ISCMS BO02.
Unfortunately, no sediment chemical data monitored under D8C1 was available from
this area at the time of the study to correlate to these biological responses. Future
monitoring activities will help identify which contaminant may be responsible for these
effects. Anyway, these results could be explained by the proximity of the sampled area to
the Crati river mouth, interested by spills of civil, industrial and agricultural wastewater,
potentially releasing organic and inorganic compounds into the marine environment. A
recent study evidenced high levels, “exceeding the legal limit”, of heavy metals in
sediment at the mouth of the Crati river and along its valley “probably due to their
proximity to urban areas” (loele et al., 2020). Therefore, the high levels of metals that
have been found in loele’s study could explain the inhibition of AChE measured in fish
sampled for the MSFD monitoring in this area. Indeed, although AChE activity is one of
the most widely used biomarkers of neurotoxicity caused by organophosphorus and
carbamate, several studies attested the inhibition of AChE activity also by metals in
many marine species, including fish (Frasco et al., 2005; Lopes et al., 2019).

Similarly, the "MODERATE" BQIJ assigned to some cells of the MAD area was mainly
ascribed to physiological state alterations, genotoxic effects, and activation of the
detoxification system for organic compounds, found in four sites (AS _BO1, AS B02,
AS BO03, and AS_B04) of this subregion. Notably, the mean frequency of MN measured
in the AS BOI site was particularly high, approaching the IT-TBR threshold, and
comparable to the values measured in M. barbatus from impacted areas (Bolognesi et al.,
2006; Viarengo et al., 2007). These results could be probably related to the high level of
metals and PAH found in the sediments of these areas, as attested by data from the
MSFD monitoring activity (2016-2021) in the northern MAD subregion (see ISPRA,
2024). At the AS_BO02 site, the overall BQJ was mainly due to the LMS-HEXO results.
However, the mean values of this biological response measured in fish from this site
were only slightly lower than the IT-BAC value established for this biomarker and
comparable to those measured in M. barbatus from control areas (Zorita et al., 2008).
Therefore, in this case the biological condition of the fish was considered to be only
mildly compromised. Atthe AS BO03 site, the mean value of EROD activity and of MN
exceeded the IT-BAC, while at AS B04 this was observed only for MN. These results
suggested an early warning condition for these sites, probably due to high levels of
organic compounds. Indeed, the cytochrome P450 (CYP) enzymes constitute a
superfamily of heme-containing proteins catalyzing biotransformation reactions of
numerous xenobiotics, including polycyclic aromatic hydrocarbons (PAHs),
polychlorinated biphenyls, and other halogenated compounds (Benedetti et al., 2009).
The induction of EROD activity and the high value of MN frequency are likely related to
the high concentrations of halogenated organic compounds (HOCs) found in the
sediments of this area (see ISPRA, 2024).

In the other sampled sites, the mean values of the analyzed biomarkers (LMS-HEXO,
MN, AChE and EROD) were comparable to those found in fish of the same species
sampled in reference sites (Corsi et al., 2002; Porte et al., 2002; Bolognesi et al., 2006;
Viarengo et al., 2007; Zorita et al., 2008; Morroni et al., 2020), suggesting a good health
condition of fish in those areas, and a good correspondence between the values used to
calculate the index and those reported in the literature.
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Finally, although a substantial number of cells were sampled for M. barbatus, the spatial
coverage of the sampleable area in each of the three subregions was insufficient to allow
the assessment of GES achievement for D8C2 as none of the three subregions reached
the required 50% coverage threshold.

5.
Conclusions

The large amount of data for MSFD monitoring activities allowed us to fill the
knowledge gap regarding threshold values for biomarkers in M. barbatus from Italian
seawaters and to develop a preliminary assessment criterion for evaluating the biological
quality status of marine organisms from these waters.

During this study preliminary national threshold values for LMS-HEXO, MN, AChE,
and EROD were calculated and a calibrated biological index for the assessment of the
biological effects of contaminants in fish was developed. These thresholds, in
combination with the CBEI Index and its related BQJ, provide a suitable and robust tool
for the assessment of the biological effects of contaminants in the target species, M.
barbatus. Their suitability and robustness were attested by the assessment of biological
data from MSFD monitoring activity during the 2019-2021 period, as reported in the
Italian Summary Report for D8, submitted to the European Commission in October 2024
(ISPRA, 2024).

The developed CBEI and its related BQJs, considering the set of biomarkers selected for
the NMP, can be considered a reliable index representing the health status of red mullet
in the Italian seawaters. It provides a sufficiently realistic interpretation of the biological
effects on marine organisms measured by biomarker analysis in the target fish species,
likely related to the environmental contamination measured in the sediment. Indeed,
marine organisms from MIC and MWE resulted to be in good biological conditions
while those from MAD resulted to be in the worst biological conditions consistent with
findings from the chemical monitoring activities (ISPRA, 2024). The assessment criteria
used in this study, however, present some limitations: 1) the threshold values are
preliminary and need to be updated with additional data; 2) specific thresholds for each
subregion could be more appropriate to account for their unique environmental
characteristics; 3) these thresholds are specific for M. barbatus of the Italian seawaters
and not harmonized at Mediterranean region level. Therefore, in the future, we aim to
update the threshold values using upcoming biomarker data and harmonize them with
other Mediterranean Countries and/or to attempt to calculate threshold values specific for

DOI.ORG/10.82010/JECO.BSRC.2025.03

84

BSRC.IT/JECO



JECO 2025, 06, 1

the condition of each subregion. In addition, we plan to identify potential fixed
Reference sites for long-term use, and to test alternative assessment criteria based on
comparison with data from control sites.
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