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Abstract Microplastics (MPs) in sediments from the
complex lagoon-channel of Bizerte were investigated,
for the first time, to evaluate the occurrence and abun-
dance of MPs in Tunisia. After density separation in
saline solution, MPs were counted by a stereomicro-
scope. The number of MPs was at the range of 3–18
items/g sediment (3000–18,000 items/kg dry sediment)
and the most contaminated site was of Menzel
Abderrahmane (MA) followed by Carrier Bay (CB),
Menzel Jemil (MJ) and Channel of Bizerte (C). The
MPs gathered during the survey varied in size from
0.3 to 5 mm, and appear in a variety of shapes and
colours. The dominant shape was fibre (88.88% in
MA, 91.00% in CB, 82.35% in C and 21.05% in MJ).
The rest of MPs are fragments whilst no micro beads
were found. Colours are clear, white, blue, green, red
and black. Cities discharges, fishing activity and indus-
trial production sites are the most likely sources of MPs.
This first work provides original data on the presence of
MPs that determines their bioavailability to organisms
as seafood, and then possibly transfers of to human. The
high MP concentrations registered in the complex
lagoon-channel of Bizerte suggest that this site is a
hotspot for MP pollution and there is an urgency to
understand their origins and effects on marine life. The
results will provide useful background information for
further investigations.

Keywords Microplastics . Sediment . Lagoon-channel
of Bizerte . Tunisia

1 Introduction

Plastics, also called polymers, are produced by the con-
version of natural products or by the synthesis from
primary chemicals generally coming from natural gas
and crude oil (Rios et al. 2007). Demand in this synthet-
ic product is considerable since these materials started to
be utilized. As a result, the global plastic production has
increased dramatically from 1.5 million tonnes in the
1950s to approximately 311 million tonnes in 2014
(Plastics Europe 2015) and between 2 and 5% of this
production has been estimated to end in the marine
environment (Jambeck et al. 2015).

In the marine environment, the presence of plastic
material has grown rapidly with the consequence that
nowadays, 40–80% of debris are plastic (Barnes et al.
2009; Cole et al. 2011). This plastic requires several
centuries, or even thousands of years, to degrade
(Barnes et al. 2009). Debris items are usually subdivided
into different size categories: mega-debris (>10 cm);
macro-debris (2–10 cm); meso-debris (2 cm-5 mm)
and micro-debris (<5 mm) (Barnes et al. 2009). The
smallest form of plastic litter is called microplastic
(MP). It has been discovered in fresh and saltwater
ecosystems, sediments and wastewater effluent around
the world (Chang 2015). Van Cauwenberghe et al.
(2015) showed that MPs are omnipresent in the marine
environment and sediments are hypothesised to be
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major sinks of these plastics. MPs enter the marine
environment via multiple pathways. Their presence
can result from either the degradation of macroplastics,
in situ, due to mechanical, photolytic and/or chemical
degradation processes (Mathalon and Hill 2014) or from
the direct input by industrial processes and domestic
uses (Costa et al. 2010). Browne et al. (2011) showed
that the important source of MPs comes from synthetic
clothing: a single synthetic garment can release up to
1900 fibres per washing cycle.

Environmental risks associated with MPs are their
bioavailability for marine organisms (Wright et al.
2013). In fact, these compounds have been ingested by
marine biota via direct and indirect ingestion (Gall and
Thompson 2015; Gross 2015). Thompson et al. (2004),
Ward and Shumway (2004), Murray and Cowie (2011)
and Li et al. (2015) showed that MPs are known to be
ingested by invertebrates such as polychaetes, crusta-
ceans, echinoderms, bryozoans and bivalves. Browne
et al. (2008) showed that the blue musselMytilus edulis
can ingest and transport MP particles to the gut, where
they then accumulate in the digestive cavity and tubules.
Derraik (2002) and Eriksson and Burton (2003) reported
that MPs can be ingested by vertebrates. Fossi et al.
(2012, 2014) showed that contamination by MPs might
affect the marine food chain from the smallest
planktivores to the largest fish and marine mammal
species. Watts et al. (2014) showed that MPs reach
higher trophic levels including humans. Pedà et al.
(2016) showed intestinal alterations in European sea
bass Dicentrarchus labrax exposed to MPs. Cole et al.
(2011) and Wright et al. (2013) showed that MPs affect
many species of marine organisms, from suspension-
and filter feeders to deposit feeders and their risks not
only involve ingesting the plastic itself but also regard
the contamination of organisms by chemical pollutants
adsorbed on them. In fact, due to their hydrophobic
nature, persistent organic pollutants such as polycyclic
aromatic hydrocarbons (PAHs), polychlorinated biphe-
nyls (PCBs) and dichlorodiphenyltrichloroethane
(DDTs) can be absorbed onto MP surfaces (Frias et al.
2010; Teuten et al. 2007) and can be released into the
organisms’ tissues when ingested (Engler 2012). This
allows MPs to act as reservoirs of toxic chemicals in the
environment and as these toxins work their way up the
food chain, we may begin to see concentration of toxins
in humans.

Alomar et al. (2016) showed that MP concentrations
do not increase with decreasing sediment grain size as it

is the case for organic material and other contaminants.
Browne et al. (2010) also did not observe any clear
relationship between MP abundance and the proportion
of clay in the analysed sediments.

In Tunisia, the presence of MPs as contaminants has
not yet been investigated in any environmental compart-
ment and currently, there is no regulation of MPs. Thus,
the present study aims to examine, for the first time, the
presence, abundance and composition of MPs in the
sediments of the complex lagoon-channel of Bizerte
(Northern Tunisia). The results will provide useful back-
ground information for further investigations.

2 Material and Methods

2.1 Sampling Site

The lagoon of Bizerte covers roughly 150 km2 and
represents an economically important body of water
due to a variety of fishing and aquaculture activities.
This lagoon is permanently connected to the Mediterra-
nean Sea by a straight channel of 8.5 km long and
communicates with the Ichkeul lake (110 km2) by the
Tinja river. It is ranked second in terms of exports of
seafood products. The Bizerte lagoon is bounded by the
cities of Bizerte, Zarzouna, Menzel Jemil and Menzel
Abderrahmane in the North side and Menzel Bourguiba
and Tinja in the west and South west sides. Urban areas
surrounding the complex lagoon-channel of Bizerte
showed a very high demographic concentration and
multiple industrial activities. Many industrial units re-
lated to various fields of activity such as petrochemicals,
textiles, steel, plastics processing and ship repair and
ship building facilities were created on the coasts of the
lagoon (Yoshida et al. 2002; Ben Ameur et al. 2013;
Lahbib et al. 2010, 2011; Abidli et al. 2013, 2015).
Sediment samples were taken from four selected sites
located in the complex lagoon-channel of Bizerte in
January 2016. The locations of the sampling sites
Menzel Abderrahmane (MA), Menzel Jemil (MJ), Car-
rier Bay (CB) and Channel (C) are shown in Fig. 1. The
selection of these four sites was based on the demo-
graphic concentration and multiple industrial activities
surrounding these locations and based also on the spe-
cial value of these sites which represent most fish and
shellfish productions.

Three 0.25 m × 0.25 m quadrats were used and wide
pieces of natural debris (i.e. seaweed, stone, wood) were
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removed. Subsequently, the top layer of sediment (ap-
proximately 2–3 cm) was removed using a clean stain-
less steel spatula, from each sampling site and stored in
closed containers, properly identified.

2.2 Laboratory Analysis

In the laboratory, sediment samples were dried at 50 °C
during 48 h until complete dryness. Fifty grammes of
dry sediment was introduced into 1-L beakers contain-
ing a high-density sodium chloride (NaCl; 140 g L−1)
solution and stirred vigorously for 5 min, before
collecting water to filter (Galgani et al. 2013). The
supernatant water was then filtered onto Sartorius
stedim biotech (particle retention 7–10 μm; diameter

of 155 mm). The filters were analysed under a stereo-
microscope to sort and measure the microscopic plastic
particles using a calibrated eyepiece. Images of MPs
were taken with a Casio (14 MP) camera attached to
the stereomicroscope.

The most common MPs are fibres, fragments and
pellets (Frias et al. 2016). In the present study, MP
particles were classified into two types: fibre and frag-
ment (Galgani et al. 2013) because pellets were not
detected. In addition, the colour of MPs is of particular
concern since it could easily be mistaken for food by
marine organisms and seabirds (Thompson et al. 2004)
and may give information about its origin following the
examination of large-size plastics which may result,
after their fragmentation, in the formation of MPs of

Fig. 1 Map of the lagoon of Bizerte (northern Tunisia) showing the sampling sites (MA Menzel Abderrahmane, MJ Menzel Jemil, CB
Carrier Bay, C Channel of Bizerte)
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the same colour. In the present study, colour of plastic
items was recorded and divided into six groups: white,
blue, clear, black, green and red.MPs per gramme of dry
sediment were given. All material used was rinsed twice
before use with distilled water and all working surfaces
were cleaned with alcohol.

2.3 Statistical Analyses

A total of 12 sediment samples were taken from the four
selected sites, including replicates (three replicates per
site). From each replicate, one subsample (50 g of dry
sediment) was taken for MP analysis. Analysis of vari-
ance (ANOVA) was performed using the software
Statistica 8.0. After testing ANOVA assumptions, sta-
tistical significance was evaluated through one-way
ANOVA. Whenever ANOVA detected significant dif-
ferences, post hoc comparisons were made using the
HSD Tukey test (THSD). Percentage was compared
among samples using the χ2 test in the software R. In
all statistical analyses, significance level was considered
for P < 0.05.

3 Results

3.1 Microplastic Abundances

MPs were found in all of the four sampling sites, with
the types and amounts varying considerably between
sites. The average MP concentration for the four sites
was 7.96 ± 6.84 particles/g dry sediment (7960 ± 6840
particles/kg dry sediment). The highest MP concentra-
tion was observed at MA (18 ± 2.0 particles/g dry
sediment) (18,000 ± 2000 particles/kg dry sediment).
The lowest average MP concentration was found at the
Channel of Bizerte at a concentration of 3.4 ± 0.2
particles/g dry sediment (3400 ± 200 particles/kg dry
sediment) (Fig. 2).

3.2 Microplastic Shapes, Colours and Sizes

The MPs gathered during the survey varied in size and
appeared in a variety of shapes and colours. As to the
shapes, fibres and fragments were the only the shapes
registered in this study, with no pellets found (Fig. 3).
Fibres were found to be the most abundant in MA
(88.88%), in CB (91.00%) and in C (82.35%). In MJ,
the abundant shape was fragment (78.95%) (Fig. 4).

In each station, coloured particles were found. The
majority of fibres are clear followed by white, blue, red,
green and black (Figs. 3 and 5) whilst, fragments were
dominated by blue, green, black and red (Figs. 3 and 6).

MP sizes varied from 0.3 to 5 mm and the average
(±SE) size for collected fibres and fragments was
1.39 ± 0.27 and 0.51 ± 0.19 mm, respectively (Fig. 7).
The difference in size between the two shapes was
statistically significant (THSD: F = 3.18, P = 0.02).
MPs smaller than 0.3 mm were not collected for this
study. Among locations, fibre and fragment sizes did not
vary significantly (THSD: F = 2.02, P = 0.14 for fibres,
F = 1.27, P = 0.31 for fragments).

4 Discussion

Scientific literature has extensively explored the various
anthropogenic impacts affecting the complex lagoon-
channel of Bizerte, but the presence of MPs as contam-
inants has not yet been investigated. The results of this
study reveal that MP particles are present in all exam-
ined sediments, indicating their extensive dispersion in
the complex lagoon-channel of Bizerte. These results
corroborates that MPs ubiquitously exist in the marine
environment (Cole et al. 2011). The MP concentrations
found in the complex lagoon-channel of Bizerte sedi-
ments were at the range of 3–18 items/g sediment
(3000–18,000 items/kg sediment). Quantified MP con-
centrations in this study are comparable to those report-
ed in the literature for other studies worldwide, although
the wide array of existing techniques and quantification
units limits the comparison of results (Qiu et al. 2015).
However, it is evident that the abundance of MPs in the

Fig. 2 Mean values and standard deviation of plastics particles
collected in the four stations. Significant differences are indicated
by different letters (P < 0.05; one-way ANOVA followed by
Tukey HSD test)
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complex lagoon-channel of Bizerte is higher than that of
most studied locations. In fact, in sediment obtained
from the coastal shallow waters of Mallorca Island and
Cabrera Island (Balearic Islands, western Mediterra-
nean), the higher value of MP was 100.78 ± 55.49

MPs/kg of dry sediment. In the Lagoon of Venice, Italy,
Vianello et al. (2013) showed concentrations ranging
between 672 and 2175 items/kg dry sediment, which
are less high than the concentrations reported in the

Fig. 3 Examples of microplastic shapes found in sampling stations. a–f Fibres with different colours. g–j Fragments with different colours.
Scale bar 1 mm

Fig. 4 The average microplastic shapes found at each location
Fig. 5 Mean values of different colours of fibres collected from
the sampling stations
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present study. In the western Sardinian coast (Central-
Western Mediterranean Sea), MP abundance value was
0.15 items/m3 (de Lucia et al. 2014). All sampled sites in
the present study showed higher values than sediments
sampled from the Belgium coast (97.2 items/kg dry
sediment) and harbour area (166.7 items/kg dry sedi-
ment) (Claessens et al. 2011). Along the German Baltic
coast, MP concentrations in beach sediments were rang-
ing between 14 and 532 fibres/kg dry sediment (Stolte
et al. 2015). In Portugal, Frias et al. (2016) found that
MP abundance in coastal sediments from Southern Por-
tuguese shelf waters was 0.01 ± 0.001 MP g−1 (10 ± 1
MP kg−1). In Slovenia, Laglbauer et al. (2014) revealed
that the sediment of beach contains a concentration of
177.8 items/kg dry sediment. In the Canadian Lake
Ontario nearshore, the abundance of MPs in sediment
varied between 20 and 27,830 kg−1 (Ballent et al. 2016).

According to the type of MPs observed, identified
MPs in this study were fibres and fragments, without
plastic pellets. These results indicated that secondary
MPs, deriving from the fragmentation of larger plastic
debris through mechanical forces, by photolysis, ther-
mo-oxidation, thermo-degradation and possibly via bio-
degradation processes (Laglbauer et al. 2014; Zhao et al.

2016), were the major sources of plastic debris in the
studied locations. Our results corroborate the study of
Frias et al. (2016) and Ballent et al. (2016) who showed
that the majority of MPs in coastal sediments from
Southern Portuguese shelf waters and from the Canadi-
an Lake Ontario, respectively, were microfibers and
fragments. In the present study, more than 82% of the
MPs found in MA, CB and C were fibres. This type of
MPs is indicative of sewage origin and synthetic gar-
ments from the textile industry that are an important
source of MP contamination (Browne et al. 2011).
Browne et al. (2011) showed that an increased
microfibre load (>250%) was detected in sewage-
sludge disposal sites compared to reference sites. In
addition, Browne et al. (2011) concluded that up to
1900 fibres can be released into the environment from
washing a single piece of clothing. Therefore, MP con-
tamination in the populated areas of MA, CB and C
could be attributed to sewage input and fragmentation of
large plastic particles into smaller ones. In agreement
with previous studies, fibres have been the most com-
mon shapes found in studies across the planet from the
UK to Australia (Thompson et al. 2004; Browne et al.
2011). This is similar to the MP study conducted in
Belgium (Claessens et al. 2011) that reported fibres as
the most common type of prevailing MP particle. In
Singapore’s coastal mangrove ecosystems, Nor and
Obbard (2014) showed that fibres (72.0%) were the
most common type of particle found. In the Canadian
Lake Ontario nearshore, Ballent et al. (2016) revealed
that the MP particles were primarily fibres and frag-
ments. Contrarily, in MJ, more than 78% of the identi-
fied particles were fragments which are probably linked
to fragmentation processes of bigger plastics and elec-
trical plates which are thrown away by many industries
that produce plastic and electronic plates. In addition, in
this station, most shellfish production (Mediterranean
mussel—Mytilus galloprovincialis and oyster—
Crassostrea gigas) occurs and mussel/oyster farming
used a lot of plastic for the cultivation of these bivalves.
This plastic can be degraded by several factors as me-
chanical forces, photolysis, and possibly via biodegra-
dation processes (Laglbauer et al. 2014; Zhao et al.
2016) leading to the formation of MPs in the shape of
fragments.

MP concentrations in sediments found in this study
show that higher levels were usually observed in areas
of dense human population and high shipping and in-
dustrial activities as MA. In fact, the town of MA, with

Fig. 6 Mean values of different colours of fragments collected
from the sampling stations

Fig. 7 The average microplastic size for each location sampled.
Size measured as length (mm)
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more than 16,000 inhabitants, is known for its fishing
activity (harbour with a fishing fleet of 181 coastal
boats) and with nearly 40% of the active population is
working in the industry, especially the textile industry.
Our results are in agreement with other results that
showed that MPs appear to be more abundant in densely
populated areas. In a study analysing sediments from 18
locations representing six continents, Browne et al.
(2011) demonstrated a positive relationship between
MP and human population density. Indeed, MPs are
detected in large numbers in highly populated areas,
such as at locations in the North Sea (Claessens et al.
2011; Liebezeit and Dubaish 2012; Thompson et al.
2004; Van Cauwenberghe et al. 2013) and the Mediter-
ranean Sea (Kaberi et al. 2013; Vianello et al. 2013), as
well as in Asia (Ismail et al. 2009; Ng and Obbard 2006;
Nor and Obbard 2014; Reddy et al. 2006) and the highly
populated coast of Brazil (Costa et al. 2010). Ballent
et al. (2016) showed that MPs are concentrated in near-
shore sediments in the vicinity of urban and industrial
regions. On heavily polluted beaches, MPs can make up
3.3% of the sediment by weight, as opposed to 0.12%
plastic by weight on control beaches (Carson et al.
2011). The link between MP pollution in sediments
and human activities has also been demonstrated by
Claessens et al. (2011), who detected particularly high
concentrations ofMP granules in the sediments of coast-
al harbours. Nevertheless, factors other than population
density and industrial shipping activities may affect the
accumulation of MPs in sediments. For instance, the
level of MPs in sediment collected from the Channel
of Bizerte was lower compared to other locations in this
study, despite the very important human population
(75,234 inhabitants), the important maritime traffic (~
500 fishing boats and ~550 commercial boats), and
industrial activities (petroleum refinery (Tunisian Refin-
ing Industries Company), lubricants processing unit
(Sotulub), a cement plant (Cements of Bizerte) and the
park of economic activities of the free zone of Bizerte
which hosts several industrial and service companies).
Some reasons can be cited to explain this fact, such as
the strong upwelling currents in the Channel of Bizerte
(during the sampling period). In fact, the Channel of
Bizerte is a transition area between Bizerte Bay, which
opens directly to the Mediterranean Sea, and Bizerte
Lagoon, which is under the influence of terrestrial input.
The lowMP content in the sediment of this site might be
related to the water current in the channel (personal
observation) which can remove the surface sediment

and reduce the MP accumulation which remains
suspended in the water column.

The average MP size for collected fibres and frag-
ments was 1.39 ± 0.27 and 0.51 ± 0.19 mm, respective-
ly. The small size of MPs is of significance as it deter-
mines the potential impact of these contaminants on
ecosystem biota. In fact, MPs of similar size to food
have greater potential for ingestion by a wide range of
organisms (Moore et al., 2001). Lusher et al. (2013)
showed that the small size of MPs facilitates organisms’
intake compared to macroplastics. Van Cauwenberghe
et al. (2015) revealed that particles accumulated in sed-
iment are accessible to benthic suspension and deposit
feeders and to other sediment-dwelling organisms
(Wright et al. 2013). Thompson et al. (2004) showed
that particles smaller than 20 μm have been seen to be
actively ingested by small invertebrates. In addition,
Rochman et al. (2013a) suggested that MPs ranging
from 2 to 5 mm could take longer to pass from the
stomachs of organisms and could be retained in the
digestive system, potentially increasing the exposure
time to adsorbed toxins. In the same context, Rochman
et al. (2013b) found that polyethylene sorbs greater
concentrations of PAHs and PCBs than other mass-
produced polymers. The lagoon of Bizerte is ranked
second in terms of exports of seafood products and
based on our results concerning MP size, we can
suggest that organisms living in this site are in danger.
In the same context, Van Cauwenberghe et al. (2015)
showed that many factors such as size of the plastic
particles affect their potential bioavailability to a wide
range of aquatic organisms and plastic particles may
accumulate within organisms upon ingestion, resulting
in direct effects caused by physical injury in the intesti-
nal tract or even translocation to other tissues or organs,
and indirect effect when MPs act as a vector for either
chemicals or bacteria to marine organisms.

MPs reported in this study present different colours
which is consistent with other studies on MPs (Nor and
Obbard 2014; Zhao et al. 2014). In fact, the majority of
the fibres identified were clear, white, red, blue, green
and black. The green MP fibres recorded only in CB
may result from the decomposition of ropes and fishing
nets found in this site as well as this site is located near a
military area and green fibres can be released from the
washing of soldiers’ clothing. The majority of fragments
were blue, green, black and red. The blue colour was
recorded in all sites and probably is the result of the
decomposition of blue bottles and plastic cans found on
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the beach of all sites. The green colour was recorded
only in MA and MJ sites which are two sites under the
influence of high urbanization and industrialization.
Moreover, on the beach of these two sites, we found a
lot of plastics of green colour (the majority are plastic
electronic plates). Concerning the CB site, it is located
in a military zone and it seems that this area is the main
factor for MPs entering the site. The same result was
registered by Stolte et al. (2015) who found that almost
all samples of beach sediments (German Baltic coast)
contained coloured fibres and 13 out of 22 sediment
samples contained intensely coloured particles. Because
of their resemblance of natural preys in oceanic waters,
coloured MPs can be ingested preferably by mistaken
for food by predator (Boerger et al. 2010; Browne et al.
2008; Lusher et al. 2013) and may result in internal
damage of tissues in the digestive tract of organisms.
These coloured MPs have been detected in fish, birds
and turtles (Foekema et al. 2013; Hoarau et al. 2014).

5 Conclusions

The abundance of MPs found in the sediment of the
complex lagoon-channel of Bizerte suggests that this
contaminant may be entering the food chain through
ingestion by marine organisms such as bivalves and fish
and finally human following the consumption of these
organisms. As MP abundances in the environment in-
crease, further studies are planned to quantify the pres-
ence ofMPs in all Tunisian coast, biota, notably fish and
filter feeders such as bivalves, and assess their toxico-
logical impact.
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