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Abstract: The detection of microplastics in the gastrointestinal tracts (GIT) of marine organisms has been recognized as 
among a major detrimental consequence of global plastic pollution. The effect of bioaccumulation may be potentially 
dangerous for food web transfer and consequently for human health. Several observational studies have been carried 
out in a wide range of marine organisms, including decapod crustaceans, such as the shore crab and Norway lobster; 
however, no specific study has been assessed on the deep-water rose shrimp (Parapenaeus longistroris Lucas, 1846), 
an ecologically and commercially important Mediterranean crustacean. Based on this, we performed a preliminary study 
on the presence of microplastics in the GIT of 24 deep-water rose shrimp (DWRS) specimens, collected in the Strait of 
Sicily, which is among the most important fishing ground of the Mediterranean Sea. After the screening, 21% of DWRS 
GIT contained microplastics size range of 100 to 300 µm. Specifically, 20% of them were spherical fragments, 40% were 
fibres and another 40% were tangled masses of filaments. In all specimens, alien black particles (BPs) (mean diameter 
about 50 µm) were detected. Because the microscopical examination appeared not explanatory, different hypotheses 
could be formulated. We assume that these particles could be of either volcanoclastic particles (olivine – basalt 
phenocrysts or aggregates) related to historical/recent submarine volcanic activity that prevails in this fishing ground and 
or black carbon soot that had likely originated from the biomass burning and anthropogenic combustion sources, another 
harmful effect of the intense commercial and fishing traffic, characterising the central Mediterranean Sea. 

Keywords: Human health, crustacean, stomach content, Strait of Sicily, submarine volcanoes, shipping density. 

INTRODUCTION 

Plastics represent an important component within 
the range of materials used in modern society. 
Versatile, durable, low-cost, with a high strength-to-
weight ratio, recyclable, plastics will play an ever more 
important role in our lives [1] and become a 
disconcerting risk not only for biodiversity and marine 
ecosystems [2], but also for human health. Recently, 
the European Food Safety Authority (EFSA) reiterated 
the need to establish the appropriate control of plastic 
contamination, with a particular focus on seafood 
products [3]. As a consequence, the microplastic (MP) 
contamination in seafood and its potential 
consequences increasingly gains research interest, 
particularly in the area of food safety, requiring priority 
attention from stakeholders [4]. 

 

*Address correspondence to this author at the Institute for Biological 
Resources and Marine Biotechnologies, National Research Council (IRBIM-
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Additionally, the accumulation of plastic waste 
within the marine environment, specifically on the 
seabed, is an increasing yet ubiquitous phenomenon 
that poses a serious threat to the health of marine 
ecosystems [5]. This would be of particular importance, 
within the Central Mediterranean Sea, where plastics 
have now attained considerably high 
concentrations/levels [6].  

The Mediterranean basin, from the eastern to 
western side, has been described as among the most 
impacted global seas, where large-sized plastics 
and microplastic debris are widespread within the 
abiotic and biotic environment [7-9]. The geographical 
characteristics of this semi-closed sea, the intense 
coastal human activities, the high density of 
commercial shipping (routes that connect Gibraltar 
Strait with Suez Channel) [10], the fishing activities as 
well as the anthropic debris issuing from the European 
hinterland, have significantly contributed to the current 
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environmental status of this peculiar basin [11,6,12]. 
Microplastics (hereinafter, MPs) are heavily spread 
across the water column, but there is evidence that 
they also impacted deep seabed and related benthic 
fauna [13-14]. Specifically, to the commercial fisheries 
resources, Mancia et al. [15] depict a high presence of 
plastic debris (micro and macro-particles) in the 
stomachs of catshark (Scyliorhinus canicula, Linnaeus 
1758) and a potential correlation of these contaminants 
with the expression of immune-related genes as well as 
a general increase of spleen and liver weight.Going 
down toward deeper waters, the presence of MPs was 
detected in Norway lobster (Nephrops norvegicus, 
Linnaeus, 1758) [16] as well as in blue and red shrimp 
(Aristeus antennatus, Risso, 1816) [16, 17]. In the 
Central Mediterranean Sea, among deep-water 
crustaceans, the deep-water rose shrimp 
(Parapenaues longirostris, Lucas, 1846) (hereinafter 
DWRS) is among the most appreciated species, which 
is increasingly consumed at the international level, as 
well as gaining increasing research interest [18-19] and 
for this reason, very appropriate species that require 
further investigations/studies particularly on the MPs. 
Given this premise and to supplement existing 
information, the current work was conducted on 
stomach contents of DWRS, specifically to assess the 
potential hazards associated with MPs, which could 
most likely result from the human consumption of this 
species. 

MATERIALS AND METHODS 

Twenty-four specimens of DWRS have been 
collected during the “International bottom Trawl Survey 
in the Mediterranean” (MEDITS) [20]. The sampling 
has been carried out during August 2018 in the South 
of Sicily (Geographical Sub-Area16, according to the 
General Fisheries Commission for the Mediterranean – 
GFCM – delimitation) at the point shown in Figure 1, 
with approximate geographical coordinates of 37° 18’ N 
- 12°47’ E and a depth of about 200 meters.  

Carapace lengths (CL) and body weights (BW) to 
the nearest mm and 0.1 grams were recorded, 
respectively. Subsequently, after washing with MilliQ 
water (pre-filtered with 0.45 µm nitrocellulose filter), the 
gastrointestinal tracts (hereinafter, GIT) of DWRS were 
removed, under laminar flow hood, and dried at 50 °C 
for 12 h. Thereafter, following the method of Roch and 
Brinker [21], the GIT samples were, firstly, digested 
using 5 mL of 1 mol L−1NaOH, and secondly, treated 
with 72 mL of 65% HNO3, both conducted at 50 °C for 
15 min conditions. A third step involved further heating 
at 80°C of diluted samples for 15 min, and the 
remaining supernatant were then vacuum filtered, onto 
nitrocellulose membrane filters of 0.8 µm.  

Microscopic analysis of the filters was performed 
with a stereomicroscope (Leica MZ 12.5, Leica 
Microsystems, Germany) equipped with a digital 

 
Figure 1: Map of the DWRS sampling site with overlapped shipping density. 
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camera (Leica DFC450, Leica Microsystems, 
Germany). All suspected plastic fragments/filaments 
detected on the filter have been firstly measured and 
then verified their plastic nature by a hot microneedle 
test [22].  

During the MPs investigation, many alien black 
particles (hereinafter, BPs) not responding to the hot 
needle test, were observed on the filter surface (Figure 
2). Therefore, some BPs have been isolated, and 
treated with methyl-benzol (toluene) to a concentration 
of 99.9%, in the view to determine whether there was 
any possible tarry origin. Moreover, BPs have been 
counted in 6 randomly selected areas of 14 mm2, which 
comprised about 9% of the total filtered area, and 
thereafter, raised to the total filter surface. 
Subsequently, the size of the BPs was measured 
considering their major axis. The number of BPs were 
subsequently standardized to the stomach weight in 
order to compare particles by CL size. Additionally, 
strict measures to avoid the contamination were 
adopted during all the laboratory phases. Besides, a 
map of shipping density [23] overlapping the sampling 
site and the Graham, Nerita and Terribile banks was 
carried out using Quantum GIS [24]. The plots were 
performed by means of R software (version 3.6.2) [25], 
package ggplot2 [26]. 

 
Figure 2: A micro-plastic fragment (black ellipse) and some 
alien black particles (BPs) (yellow arrows) found in the 
gastrointestinal tract of DWRS. 

RESULTS 

Five GIT of the 24 analysed (21%) contained MPs 
of various types obtaining the following proportions: a) 
20% of them were fragments with a spherical shape; b) 
40% were fibres; and c) another 40% were tangled 
masses of filaments (Figure 3). 

 
Figure 3: Percentage of microplastics founded in the 
gastrointestinal tract of DWRS classified per type. 

Between the MPs’ presence and shrimp size, there 
appears to be an increasing pattern. Specifically, the 
shrimps with CL range of 20 to 26 mm, showed a MPs 
incidence in the range of 17 to 20%. The latter (i.e., 
MPs incidence) would increase up to about 33% in the 
bigger specimens, specific to those with over 28 mm 
CL. With respect to the size, the MPs particles were in 
the range of 100 to 300 µm (Figure 2).  

Respect to the BPs, there appears to be some 
resistance to both alkaline and acid digestion(s), other 
than resulted negative to the hot micro-needle plastic 
test. However, the treatment with toluene partially 
dissolved some particles. 

However, no clear relationship between the number 
of BPs, smaller and bigger than 50 µm, and CL classes 
has been recognized. Specifically, the number of 
smaller particles (median value: 3106) resulted in two 
order of magnitude, compared to the bigger ones 
(median value: 17) (Figure 4).  

DISCUSSION  

To reiterate, the current work was conducted on 
stomach contents of DWRS, specifically to assess the 
potential hazards associated with MPs, which could 
most likely result from the human consumption of this 
species. To our best knowledge, this could be 
considered the first evidence of MPs occurrence in the 
stomach of DWRS, which is among important 
economic and ecological species within Mediterranean 
Sea. The presence of MPs in the adult DWRS, 
although preliminary and would need further 
investigations, possibly suggests that a positive 
relationship could exist between the specimen sizes 
and microplastic contamination. It can be that this kind 
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of relationship might be accounted for by the 
anatomical differences that characterize the bigger 
(DWRS) individuals as well as with the different feeding 
strategies [27]. The frequency of MPs as found in 
DWRS stomachs from the North-western offshore of 
the Strait of Sicily, herein, appears lower (up to 33%) 
compared to those shown by other researchers like 
Carreras-Colm et al. [17] and Cau et al. [16] for A. 
antennatus (from 65% to 40%) as well as Cau et al. 
[16] for N. norvegicus (ca. 86%), both in the North-
western Mediterranean Sea. These differences might 
be due to the diverse availability of MPs between the 
North-western and the central Mediterranean Sea.  

It has been understood that the Tyrrhenian Sea 
could represent a hot spot for MPs accumulation and 
bioavailability [28, 29, 7]. It is necessary, however, to 
note that the abundance of microplastic particles on the 
seabed may be related to the physiographic settlings, 
rather than solely explained by the vertical settling from 
the sea surface [30]. An intriguing question is the 
nature of the BPs and potential mechanisms that could 
be associated with both dispersal and accumulation on 
the seafloor. The South-western Sicilian shelf displays 
a large, almost gently seaward sloping surface and an 
upper continental slope irregular, steep and incised by 
numerous canyons and scars associated with slumps 
and debris flows [31]. The shelf and slope sectors are 
characterised by the presence of several submerged 
volcanoes, mostly concentrated on the Terribile, Nerita 
and Graham banks [32]. These volcanic edifices 
constitute the emergent cones of a very large volcanic 
seamount - named Empedocle Seamount [33].  

The scanty amount of information available from the 
magmatism of the Graham Bank and its subsidiary 
cones, highlight the presence of pyroclastics and 
pumices. Additionally, some lava fields near the 
eruptive apparatus revealed the presence of alkaline 
olivine basalts [34], with the ubiquitous presence of 
clinopyroxene megacrysts and orthopyroxene 
megacrysts, rimmed by olivine and clinopyroxene were 
also found as single crystals [35]. In this current study, 
we were able make an attempt to address two 
questions. First, maybe, the BPs, could they have 
arisen by combustion – derived materials (pyrogenic) 
such as soot, largely formed during biomass and fossil 
fuel combustion, eventually dispersed in the continental 
shelf and slope environments? Secondly, have these 
particles a natural origin? Black carbon is a pollutant 
emitted by various sources due to the incomplete 
combustion: residential burning, field burning of 
agricultural fires, marine diesel engines [36]. 
Assessment studies on the role of the ship emissions in 
the Mediterranean Sea show that the contribution of 
ship to air and seawater is significant [37] and with a 
large seasonal cycle (maxima in late spring - summer). 
So, the presence of BPs in the GIT of DWRS, could be 
linked either to the waste of heavy diesel used as fuel 
by fishing vessels and/or commercial ships that 
frequently operate/sail along the southern coast of 
Sicily. 

But these particles may have a petrogenic origin, 
being interpreted as gastroliths (sensu [38]), swallowed 
volcanoclastic fragments (olivine – basalt phenocrysts 
or aggregates) deposited along the northern slope of 

 
Figure 4: Boxplots depicting the number of alien black particles (BPs) (left: < 50 micron, right: > 50 micron) per carapace length 
classes.  
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the volcanic banks (i.e. the Graham and Terrible 
banks), that are close to the sampling site (Figure 1). 
This leaves the doubt as to whether gastroliths are 
essential to diet or if the non-accidental geophagy has 
presumably evolved for metabolic requirements or 
mineral supplementation, providing crustaceans with 
silica, magnesian, iron, and other useful minerals. To 
wrap up, we consider that DWRS are usually 
consumed without removing the posterior 
gastrointestinal tract (specifically midgut and hindgut). 
In this context, therefore, the results we show in this 
current study call for a possible human health risks that 
might be linked to the ingestion of MPs and BPs, 
through the food (intake). 

CONCLUSIONS 

This research can be considered the first 
(Mediterranean) preliminary investigation, which has 
explored the presence of microplastics (MPs) in the 
gastrointestinal tracts of deep water rose shrimps 
(DWRS) - an important economic and ecological 
crustacean of the Mediterranean Sea. Five specimens 
of the 24 analysed (21%) contained MPs (fragments, 
fibres and tangle masses). During the MPs 
investigation a high number of BPs that did not respond 
to the plastic test were observed. Therefore, two 
hypotheses have been proposed to explain the origin of 
these particles: may these be combustion-derived 
materials (pyrogenic) such as soot, largely formed 
during biomass and fossil fuel combustion (e.g. by 
fishing vessels and commercial ships), or have these 
particles a natural volcanic origin? For future studies, 
more data on the chemical and petrographic 
composition of the BPs, together with contextual data 
(e.g. bathymetric, oceanographic and sedimentological) 
from different loci located in open shelf and upper slope 
sectors could provide a better evaluation for 
understanding the potential relationship(s) between the 
environment processes and storage of microplastics 
(MPs) in the deep-water rose shrimp habitats. Such 
further studies will help to draw more robust 
conclusions. 
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