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Abstract

Pesticides are frequently applied to agricultural activities to improve harvest, in terms of yield and product quality. Useful
tools for ecotoxicological studies of marine ecosystems are based on biomarker application on bioindicator key fish species.
The main aim of the present study was to detect the potential presence of pesticides in a polluted coastal marine
environment, namely Milazzo Gulf, situated in the north eastern coast of Sicily (Italy), by measuring the enzymatic
activities of the ecotoxicological biomarkers acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) in brain and
blood samples of Chelon labrosus. Also, Marinello Reserve was selected as a reference site. The data showed a significant
inhibition in AChE (81%) and BChE (71%) activities in fish from Milazzo Gulf in respect to those from the reference site.
The esterase inhibition is primarily due to the presence of organophosphorus insecticides and carbamates that resulted, in
Milazzo Gulf, higher in concentration in respect to the reference quality standard decree (D.M. 260, 2010). The results
obtained in this study confirm the suspected presence of insecticides in waters and fish from Milazzo Gulf, which may lead
to a considerable hazard to humans. This study confirms the relevant advantages of the biomarker approach on fish species
in the ecotoxicological evaluation of marine environments.
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1. Introduction . . .
concentrations of chemical residues than the surround-

Pesticides are frequently applied to agricultural com-
modities to enhance the quality and quantity of food.
The unrestricted, heavy use of synthetic chemical pes-
ticides results in deleterious until lethal effects on var-
ious non-target organisms in aquatic environments,
including fish, and direct or indirect effects to users
(Kalavathy et al. 2001; Kumaresan et al. 2018;
Ranjbar Jafarabadi et al. 2019; Sathyamoorthi et al.
2019; Vignet et al. 2019; Al-Ghanim et al. 2020).
Extensive application of pesticides in the agricultural
field implies that fish accumulate various fold higher

ing water in the aquatic environment because of
the bioaccumulation phenomenon. Organophosphates
(OPs) are one of the groups of insecticides more widely
used in agriculture. These compounds provoke high
neurotoxicity on non-target organisms, such as fish
(Castillo et al. 2006; Almeida et al. 2010; Diepens
et al. 2014; Maisano et al. 2016; Sandoval-Herrera
et al. 2019) that may absorb them by epidermis, gill
epithelium, and digestive system. Each of these chemi-
cal substances passes several biological membranes
until they are assimilated into the body (Castillo et al.
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2006). The structures of these biological membranes
and those of toxic compounds are the most important
factors controlling the access of pollutants into the
organism. For example, small molecules and fat-
soluble substances are taken by passive diffusion that
does not require energy use from the organism (Topal
& Onac 2020). Organophosphorus pesticides have
a strong insecticidal activity and do not accumulate in
the environment. In addition, pesticides are rapidly
metabolized into the organism and subsequently trans-
formed into highly toxic metabolites that can
also damage the human body to varying degrees
(Yancheva et al. 2020). Therefore, chemical pesticides
that persist in water represent not only a threat to fish
but also to the human population as a potential con-
sumer of affected fish (Licata et al. 2012; Mahboob
et al. 2014; Cappello et al. 2018; Hamed et al. 2019;
Sayed et al. 2019; Soliman et al. 2019; Parrino et al.
2020).

Useful tools for ecotoxicological studies of marine
ecosystems are based on biomarker application on
key bioindicator species (Napierska & Podolska
2008; Licata et al. 2012; Mahboob et al. 2014;
Maisano et al. 2015; Giannetto et al. 2017;
Cappello et al. 2018, 2021; Caliani et al. 2019;
Fazio et al. 2019; Hamed et al. 2019; Pereira et al.
2019; Sayed et al. 2019; Parrino et al. 2020;
Missawi et al. 2021). Fish are ubiquitous in aquatic
environments and have a key role in the food chain,
thus representing an energy vector from lower to
higher levels (Payne et al. 1996; Caliani et al.
2019; Parrino et al. 2020). The uptake mechanisms
of pollutants and the behaviour and responses of fish
are of high ecological relevance. Although many fish
species are highly mobile or migratory, fish represent
optimal bioindicators of pollution of aquatic ecosys-
tems (Van der Oost et al. 2003; Guerriero et al.
2018; Abdel-Gawad et al. 2020). Among the various
biomarkers of exposure to pesticides, for this study,
the enzymatic activities of acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) were
selected, having both been widely used to specifi-
cally evaluate the toxic effects of pesticides, such as
carbamates and organophosphates (De Domenico
et al. 2013; Caliani et al. 2019; Sayed et al. 2019;
Parrino et al. 2020). These ecotoxicological biomar-
kers are specific for these xenobiotic compounds and
provide information about the real effect induced on
target species. Exposure to pesticides at concentra-
tions that might not be lethal to fish can still affect
their physiology and behaviour, with potential for
reduced growth, survival and reproduction, and
metabolic disturbances (Murty 1986; Kegley et al.
1999; Mahboob et al. 2014; Vignet et al. 2019).

The Milazzo Gulf (north eastern coastline of
Sicily, Italy) represents a natural laboratory for
investigating the relationship between pollution due
to human activities and enrichments and distribu-
tion of trace elements in marine ecosystems (Pepe
et al. 2010). In 2005, the industrial area of Milazzo
was included in the list of Contaminated Sites of
National Interest (Directive 23 December 2005 n.
266, art. 1 com. 561, Italian national law). The
Milazzo Gulf is also affected by small river spills
with irregular flows (D’Alessandro et al. 2016).
The study area is characterized by low water circula-
tion, mainly driven by NW winds. The surface water
circulation is defined by a branch of Modified
Atlantic Water which, flowing eastward, forms
a near-coast anticyclonic gyre and generates an
accumulation area in the northern part of the Gulf
(Sitran et al. 2009; D’Alessandro et al. 2016).
Conversely, the Marinello Reserve was chosen as
a reference site. It extends over 400 hectares at the
foot of the Tindari promontory (north eastern coast
of Sicily, Italy). The area of the reserve, from Capo
Tindari to Marinello, is characterized by tongues of
sand that enclose brackish lakes called Marinello,
Mergolo della Tonnara, Verde, Fondo Porto and
Porto Vecchio. It is a lagoon area that was formed
about 200 years ago and is very unstable and sub-
jected to constant changes along the coastline.

Chelon labrosus is the most common marine species
of the Mugilidae family, belonging to the order
Mugiliformes. The adults live in small shoals near
the rocky or sandy coasts, especially where there are
artifacts and stream mouths. The juvenile specimens
gather in much larger groups. Its appearance is that
one of Mugilidae, with a slender and fusiform body
shape with an almost circular cross-section, and thus
its silver livery with numerous dark longitudinal lines.
However, it may be well distinguished by the other
species especially for the mouth, which has a robust
and fleshy upper lip without central indentation but
with some series of tubercles. In addition, the pectoral
fins are often dull gray. This species can reach 70 cm in
length and 2 kg of weight. Its meat is particularly
appreciated in April-May when the migration into
inland waters begins and in December—February, the
period preceding the spawning, when the fish is fattest.

The aim of the present study was to evaluate the
presence of pesticides in a coastal marine environ-
ment, represented herein by the industrial area of
Milazzo Gulf (Messina, Italy) on the north eastern
coast of Sicily. This was achieved through investiga-
tion on the ecotoxicological biomarkers AChE and
BChE, as applied to the key fish species Chelon lab-
rosus collected from the study area. Furthermore,



542 V. Parrino et al.

chemical analysis of water samples was also carried
out to analyze and eventually confirm the presence of
carbamate and organophosphorus insecticides in the
study area.

2. Materials and methods

2.1. Sampling design and sample collection

The study area was the Milazzo Gulf (Messina, Italy;
38°13'21.36"N and 15°14'43.64"E), a natural bay
located on the north eastern Tyrrhenian coast of
Sicily (Figure 1). The coastal area of the Gulf, since
the 1960s, is characterized by several industrial activ-
ities (i.e., crude oil refinery and thermal power
plants), besides being a marine and commercial har-
bor. Due to all these activities, as well as municipal
and urban sewages, it is reasonable to consider this
area as a potential source of anthropogenic trace ele-
ment contamination. Moreover, in this study area, the
natural reserve of Marinello (Messina, South Italy)
was selected as a reference site. The reference sam-
pling site (38°08'24.93"N and 15°03'32.66"E) was
located within a protected area established in 1998
and entrusted in management to the Metropolitan
City of Messina.

A total of 80 C. labrosus specimens with similar length
were sampled in May 2017 from the study site (Milazzo
Gulf; 40 specimens) and the reference site (Marinello
Reserve; 40 specimens), using pots. All of the experi-
mental procedures and sample collection were carried
out in accordance with the ethical considerations of the

Chelon labrosus
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Milazzo Port

European legislation concerning the protection of ani-
mals used for scientific purposes (European Directive
2010/63). During fish collection, the water tempera-
ture, pH, salinity and dissolved oxygen were measured
using a multiparametric probe (WTW 340i/Set;
Wissenschaftlich, Weilheim, Germany). Immediately
after collection, fish were transported live to the labora-
tory in large tanks with aeration, and at a constant
temperature.

Water samples were taken from the two sampling
sites (Milazzo Gulf and Marinello Reserve) using
Niskin bottles, and transported to the laboratory at
a constant temperature, for pesticides analysis by
atomic absorption spectroscopy (Analyst 400;
Perkin Elmer). The data for each analysis are
reported as means * standard deviations of three
replicates (Microsoft Excel 2016).

2.2. Biomarker analysis

All the forty specimens collected from Milazzo Gulf
and Marinello Reserve were firstly identified sexu-
ally, measured and weighed. Brain and blood were
collected for evaluation of the AChE and BChE
enzymatic activities, respectively. Blood was taken
from the caudal vein in specimens anesthetized by
MS222 (ethyl-ester-3-amino-benzoic acid, Sigma,
Saint Louis, Missouri, US), at the concentration of
0.6 g L', with a 2.5 ml syringe (Maisano et al.
2013). Blood samples were centrifuged (10 min at
3000 g x 4°C), and immediately stored at —80°C.
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Figure 1. Location of sampling site in Milazzo Gulf, north eastern Sicily, Italy.
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Figure 2. Mean AChE activity (umol substrate minute™' g brain™")
for Chelon labrosus, collected from the study and reference sites.
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Figure 3. Mean BChE activity (umol substrate minute ' mL
plasma™?) for Chelon labrosus, collected from the study and refer-
ence sites.

ACHhE activity was measured in accordance with the
protocol of Westlake et al. (1981) and expressed as
pumol substrate minute-1 g brain-1. The kinetic reaction
was registered for 3 minutes at 410 nm wavelength.

BChE analysis was carried out in accordance with
the protocol of Ellmann et al. (1961) and the kinetic
reaction was registered for 3 minutes at 410 nm
wavelength. The final activity was expressed as
pmol substrate minute-1 ml plasma-1.

Spectrophotometric assays were carried out using
a spectrophotometer Shimatzu 1260 UV, with cell
regulated at 30°C.

2.3. Water sample analysis

For the analysis of seawater samples, a volume of
100 mL was firstly placed in flasks with NaCl, and
then the solution was stirred at 900 rpm using

a PDMS stir bar (Erkuden Pérez-Carrera et al.
2007). Therefore, extraction and a pre-treatment
based on a thermodesorption and cryofocusing pro-
cedure were carried out according to Ledén et al.
(2003). For GC-MS analysis, the cryofocused com-
pounds were transferred in an HP-5 5% Phenyl
Methyl Siloxan (30 m x 250 pym x 0.25 pm) with
the following conditions and the following tempera-
ture program: 60°C for 1.2 min, then 600°C/min to
325°C for 5 min. The acquisition mode was SIM.

Temperature Transfer Line (°C) 280
Temperature of the source (°C) 230
Temperature of the quadrupole (°C) 150
Injection volume (ul) 4
Carrier Gas Flow (psi) 25

Run Time (min) 50.071

2.4. Statistical analysis

All the data obtained from the enzymatic measure-
ments of AChE and BChE in fish from the study
and reference areas were expressed as mean * stan-
dard deviation (S.D.), statistically processed and
analyzed with a one-way variance analysis program
(ANOVA), with the application of the Student-
Newman-Keuls post-hoc test. Statistical analysis
was carried out by using the GraphPad software
(Prism 5.0, San Diego CA, USA). Data were con-
sidered statistically significant at p < 0.05.

3. Results

The AChE and BChE activities in the brain and
blood samples from the C. labrosus collected in the
study and reference site are shown in Figures 2 and 3,
respectively. The mean AChE activity in the brains of
the fish from Milazzo Gulf was lower than that of the
reference site (0.04 vs. 0.21 pmol substrate min~' g™’
brain).

Similarly, the mean BChE activity was lower in
fish from the industrial area in respect to that mea-
sured in fish from the reference site (0.26 wvs.
0.89 pmol substrate min~' mL~! plasma).

Table I shows the physico-chemical parameters of
the water samples collected from the two sites
(Milazzo Gulf and Marinello Reserve).

Table II provides the concentrations of the car-
bamate and organophosphorus pesticides detected
in the water samples from the two sites (Milazzo
Gulf, Marinello Reserve), together with the refer-
ence water quality standard according to the Italian
Law (Decree D.M. 260, 2010). All the carbamate
and organophosphorus insecticides showed higher



544 V. Parrino et al.
Table I. Physico-chemical parameters of water from the study
and reference sites.

Parameters Milazzo Gulf Marinello Reserve
Temperature (°C) 20.1 £ 0.1 21.5 0.1
pH 7.87 £0.2 8.07 £ 0.1
Salinity (°/00) 35 0.1 36+ 0.2
Dissolved oxygen (mg L) 51%0.3 6.8+ 0.2

concentrations in the water samples from Milazzo
Gulf (mean: 0.26 pg L™! and 1.72 pug L™, respec-
tively) with respect to the reference quality stan-
dards. For the reference site of Marinello Reserve,
all the pesticide concentrations were below the
limit of detection, and hence below the reference
quality standards.

4. Discussion

This study provides information on the ecotoxicological
status of Chelon labrosus in the Milazzo Gulf, through
the use of the esterase activities of AChE and BChE
biomarkers, which have been validated as useful envir-
onmental diagnostic tools to recognize the presence of
xenobiotic pollutants, such as insecticides in aquatic
environments (Fossi et al. 2002; Minutoli et al. 2008,
2013; Fasulo et al. 2010; Mohammed 2014; Parrino
et al. 2020). The neurotoxic effects of carbamates and
organophosphates can be, in fact, evaluated by measur-
ing the inhibition of the cholinesterase activity, even if
many studies have also linked this inhibition to the toxic
effects of heavy metal or hydrocarbon exposure (Payne

et al. 1996; Guilhermino et al. 1998; Dethloff et al.
1999; Sturm et al. 1999; Parrino et al. 2020). AChE
plays its role in catalysing the hydrolytic cleavage of acyl
group in various esters of choline at the synaptic cleft,
while BChE is able to hydrolyse larger molecules such
as butyrylcholine. It serves as a co-regulator of choli-
nergic neurotransmission, and it is also involved in the
detoxification processes of several compounds like
cocaine, heroin, anaesthetics and pesticides (Taylor
1991; Cokugras 2003; Nicolet et al. 2003; Geula &
Darvesh 2004; Gonzalez et al. 2012; Bajda et al.
2013; Nadorp & Soreq 2014; Cappello et al. 2015;
Ahmad et al. 2016).

Through phosphorylation, xenobiotic agents can
form a complex with AChE to make it unavailable for
the degradation of acetylcholine. In the synaptic cleft,
this produces an accumulation of endogenous acetyl-
choline and the consequent hyperstimulation at the
level of the peripheral cholinergic terminals of neuro-
muscular, sympathetic ganglia, and the central nervous
system. In the cholinergic endings of smooth muscle,
high concentrations of acetylcholine can result in mus-
cle contractions, which will be accompanied by
increased secretion due to hyperstimulation of glandu-
lar cholinergic terminals. In neuromuscular plaques,
the accumulation of acetylcholine can lead to hypersti-
mulation, with muscle contractions, or vice-versa to
paralysis due to depolarisation. In the synapses of the
central nervous system, increased acetylcholine can
result in sensory and behavioural changes, loss of
motor coordination, and respiratory depression
(Parrino et al. 2020). In humans, inhibition of AChE
results in biological complications, such as diarrhoea,

Table II. Carbamate and organophosphorus concentrations (ug L") detected in the two different sites, with the reference water quality

standard.

Concentration (ug L™7)

Reference
Pesticide type Pesticide Milazzo Gulf Marinello Reserve (D.M. 260, 2010)
Carbamate 8-Benzene hexachloride 0.21 £ 0.01 <LOD 0.1
Endosulfan I (a) 0.27 £ 0.01 <LOD 0.0005
4,4'-Dichlorodiphenyldichloroethylene 0.19 = 0.02 <LOD 0.01
Dieldrin 0.25 £ 0.01 <LOD 0.005
Endrin 0.23 + 0.01 <LOD 0.005
Endosulfan II (§ isomer) 0.27 * 0.02 <LOD 0.0005
4,4’-Dichlorodiphenyltrichloroethane 0.31 £ 0.01 <LOD 0.01
Endrin aldehyde 0.35 £ 0.01 <LOD 0.005
Organophosphate vy-Chlordane 0.15 * 0.10 <LOD 0.1
a-Chlordane 2.7+ 0.10 <LOD 0.1
Methoxychlor 2.6 £ 0.17 <LOD 0.1
Decachlorobiphenyl 2.8+ 0.10 <LOD 0.1
4,4’-Dichlorodiphenyldichloroethane 0.37 £ 0.02 <LOD 0.01

LOD, limit of detection.
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muscle weakness, headache associated with the devel-
opment of Alzheimer's disease and paralysis (Onor et al.
2007; Leibson & Lifshitz 2008; Ahmad et al. 2016).

Regarding the location of the study area herein
selected, it must be considered that it is very close to
an industrial centre, the Milazzo Refinery, covering
524 acres. It worked from 1961 to 1979 when, after
the Iranian oil crisis, it was stopped. In March 1982,
a branch of ENI Group purchased the Refinery and
started up the production again. An agreement was
signed in December 1996 between ENI and Kuwait
Petroleum Italia, based on a 50/50 shareholding.
The refinery of Milazzo is one of the most complex
and efficient refineries in Europe, with a capacity of
10 million tonnes per year. Besides these intense
industrial activities, the Milazzo area is interested
in the large cultivation of vegetables and many
greenhouses, being characterized by very large avail-
able flat soils. There are three NS-oriented streams
that flow from the Peloritani Mountains into the
Milazzo Gulf: the Muto and Corriolo, which are in
proximity to its mouth flows and thus very close to
the crude oil refinery, and Mela streams (Pepe et al.
2010). During the periods of high stream discharge,
continental waters carry out a significant amount of
sediments, sewage and agricultural land run-off
waters. It is well known that pesticide usage is
a critical concern in coastal areas, where inputs
from agriculture and urbanization may impact the
coastal marine environments (Fulton & Key 2001).
Because of their relatively non-persistent character-
istics in the environment, OPs have become one of
the most widely used classes of insecticides world-
wide. Although these compounds offer the advan-
tage of rapid degradation in the environment, they
generally lack target specificity and have high acute
toxicity towards many non-target invertebrate and
vertebrate species, like fish (Rodrigues et al. 2012).

The use of biomarkers in fish to evaluate the
effects of pesticides, including insecticides, has
already been demonstrated to be advantageous
(Caliani et al. 2019; Fazio et al. 2019; Hamed
et al. 2019; Sayed et al. 2019; Soliman et al.
2019; Parrino et al. 2020). In this study, it is pos-
sible to observe an enzymatic activity inhibition of
81% (AChE) and 71% (BChE) in samples of
C labrosus from Milazzo Gulf compared to those
from the reference site (Marinello). Therefore,
these results highlight a pesticide contamination in
the study area under examination. Indeed, this
esterase inhibition can be primarily due to the pre-
sence of the carbamate and organophosphorus
insecticides, which can act directly on these
enzymes, although hydrocarbons and/or heavy

metals can also contribute (Payne et al. 1996;
Guilhermino et al. 1998; Dethloff et al. 1999;
Sturm et al. 1999; Parrino et al. 2020).
Considering the presence of the refinery, and there-
fore of the intense industrial activities, and further-
more considering that Milazzo hosts an important
harbor with high maritime traffic, a contamination
by hydrocarbons and/or heavy metals must be also
expected. The analyses of water samples here con-
firmed the presence of the carbamate and organo-
sphorous pesticides in the waters of Milazzo Gulf,
while for the reference site, these compounds were
not detectable, as they were below the threshold
values. It is therefore likely that these compounds
were responsible for the AChE and BChE inhibi-
tion in the C. labrosus specimens from the study
site. This type of pollution in Milazzo Gulf can be
justified with the runoff waters and to the streams
that outflow into the sea, crossing the cultivated
fields often with greenhouses for cultivation and
intensive production of plants, flowers and vegeta-
bles. This can thus bring an important pollutant
load in the ecosystems of the Milazzo Gulf that
may induce stress in non-target species, like fish.
The coastal environment of Milazzo Gulf because
of its conformation does not allow efficient water
exchange, so the sampling site is particularly inter-
ested in the accumulation of various substances,
including chemical compounds. In contrast, the
reference site of Marinello represents a natural
Reserve, with a very low level of contamination
degree, and therefore a better environmental qual-
ity status, as also supported by the high levels of
esterase activities recorded in fish collected from
this site. Further studies will be carried out testing
the same biomarkers selected for this study, but
applied in several different fish species, in order to
elucidate their responses. Furthermore, it will be
interesting to test other biomarkers in the same
target species C. labrosus in order to gain a more
clear picture of the quality status of the marine
coastal area under examination.

5. Conclusion

Data presented in this study demonstrate the pre-
sence of pesticides in the ecosystem of the Milazzo
Gulf that may result in a considerable hazard to
humans due to the bathing and recreational fishing
activities in the surrounding waters. This study also
confirms the advantages that may be obtained from
the application of a biomarker-based approach on
fish species for the evaluation of the ecotoxicological
status of marine ecosystems.
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