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Introduction
	 The coastal area of Mexico is within the politically recognized 
territorial sea, covering an area of approximately 430000 km2 [1]. 
Within this coastal area is the state of Veracruz, in which there is a 
great diversity of habitats of high productivity, which are intercon-
nected systems, such as bays, deltas, seagrasses, coral reefs and coast-
al lagoons and estuaries [2]. These coastal ecosystems have a strong 
anthropogenic impact, as a consequence of demographic growth 
trends [2]. The river systems, being the means of transport of the ter-
restrial material towards the coast and the ocean, are the means of 
the transport of the garbage generated by the human and industrial 
activity [3].

	 The coastal states of the Gulf of Mexico have had a significant ur-
ban evolution in a century, as happened in the Veracruz-Boca del Río 
tourist corridor in Veracruz since by its mega tourism development it 
is expected that by 2025, 40% of the national population at a distance 
of less than 100 km from the coast will live under marine and coastal 
influence. This entails a wide range of toxic wastes [4], which include 
an urban Solid Waste (MSW), as well as wastewater discharge. This 
type of contamination is due to its poor disposal, leaks and leaching 
at its storage sites (inland, warehouses, pipelines, sanitary landfills, 
among others) or in areas of productive activities, or by accidental 
spills during transport. Approximately 2% is deposited in rivers and 
bodies of water [5].

	 Within the RSU are plastics, which are the set of synthetic or 
semi-synthetic materials formed from polymers of organic molecules 
obtained from raw materials such as cellulose, coal, natural gas or oil, 
among others; which can be deformed to achieve the desired shape 
through extrusion, molding or spinning [6]. According to Greenpeace 
[7], the plastics market is dominated by polymers such as polypro-
pylene, Thermoplastic Polyester (PET), Polyvinyl Chloride (PVC), 
polyethylene, among others. These tend to accumulate being subject 
to both abiotic factors such as solar radiation, tidal movement, salin-
ity, friction with sand and temperature, as well as biotic factors, such 
as biofilm formation.

	 The existence of plastics in coastal systems undergoes the gener-
ation of microplastics, which consist of plastic fragments, covering 
sizes of <10 mm [8], <5 mm [9,10], 2-6 mm [11], <2 mm [12] and 
<1 mm); they are found in sediments, water column and organisms. 
In recent years, microplastics have been widely detected in the sea, 
freshwater, terrestrial environment and organisms [13]. Microplastic 
contamination is of growing concern and has been listed as the sec-
ond important scientific topic in the field of environment and ecology 
[14].

	 Due to the great importance and concern for this type of contami-
nation, the objective of this study was to determine the presence and 
evaluation of microplastics present in sediment samples correspond-
ing to the Mandinga, Tampamachoco, Alvarado and Verde lagoon 
systems, Veracruz, Mexico, applying the techniques of optical Mi-
croscopy, scanning Electron Microscopy (MEB) for the identifica-
tion of degradation marks of the microplastic samples, as well as the 
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Abstract

	 Due to the importance and effects caused by microplastics and 
BPA in aquatic systems, the present study analyzed the presence 
of microplastic particles, their structure and their composition in 16 
sediment samples from 4 coastal lagoons of Veracruz State, Gulf 
of Mexico. The presence of BPA in 7 samples close to the reef sys-
tem of Veracruz, were also analyzed. These lagoons are important 
for fisheries and provide sustenance for a large number of families 
that inhabit them. The microplastic particles were separated from 
the sediments by sieves and flotation. Its shape and characteristics 
were analyzed by optical Microscopy, scanning Electron Microsco-
py (MEB) techniques, were applied for the identification of sample 
degradation marks, as well as the analysis by Infrared Spectrometry 
(IR) technique for the identification of polymers that make them up. 
The results show that in all the lagoons there is the presence of 
microplastics of different shapes and sizes, as well as of different 
compositions, the largest number of particles corresponded to the 
lagoons of Alvarado and Tampamachoco that are important fishing 
and oyster culture areas.BPA also appeared in all samples and in 
concentrations ranging from 0.04 to 0.35 ng / g, the highest corre-
sponding to the samples close to the Veracruz reef system. The fact 
that microplastics were presented in all the study areas, indicates 
that these areas are highly impacted by the presence of garbage, 
urban and industrial waste, coming from the various activities that 
are carried out nearby.
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analysis by the Infrared Spectrometry (IR) technique for the identifi-
cation of the polymers that comprise them.

Materials and Methods
Study areas

	 The Lagoon Systems of Mandinga (MLS), Tampamachoco (TLS), 
Alvarado (ALS) and Laguna Verde (VL) are located in the state of 
Veracruz [15]. The problems they present in common are contamina-
tion by agrochemicals, fertilizers, industrial waste, sewage, mangrove 
felling. The economic activities are based on the fishing of shrimp, ro-
balo and crab; its problem is due to the increase in erosion and hauling 
of sediments, environmental damage from fishing vessels; contami-
nation by solid waste and sugar mills [15,16] (Figure 1).

	 Mandinga Lagoon System (MLS): It is located in the state of Ve-
racruz, between 19° 00 ‘and 19° 06’ north latitude and meridians 96° 
02 ‘and 96° 06’ west longitude. The lagoon system has a north-south 
orientation while the nearby coast adopts a northwest-southeast di-
rection, forming the tip of Antón Lizardo. To the northwest, the la-
goons are separated from the sea by a barrier of dunes. The lagoon 
is associated with the Jamapa River, which is born with the thaws of 
the Orizaba Peak, runs 150 km; It runs from west to east and receives 
several tributaries of the Huatusco, Cotaxtla, Totolapan rivers, flows 
into the Gulf of Mexico, in the place known as Boca del Río, near the 
City of Veracruz and there are approximately 53 suburban towns and 
rural. It includes the Mandinga lagoon system, which has an approxi-
mate length of 20 km and is composed of six interconnected bodies of 
water: Estero del Conchal, Larga lagoon, Estero de Horcones, Mand-
inga Chica lagoon (Redonda lagoon), Mandinga estuary and lagoon 
by Mandinga Grande [17] (Figure 1).

	 Tampamachoco Lagoon System (TLS): they are located in the 
Huasteca Region, in the Coastal Plain of the Gulf of Mexico, in the 
state of Veracruz, ± 10 km west of the city and port of Tuxpan, Munic-
ipality of Tuxpan. The Mangroves and wetlands of Tuxpan are located 
in the lower coastal part and are divided by the Tuxpan River. To the 
North of the Tuxpan River, the mangroves of the Tampamachoco La-
goon are observed and to the South of it, the mangroves and wetlands 
associated with the Tumilco and Jácome estuaries. It is located between 
parallels 20°58 ‹15› ‹to 21°05› north latitude and meridians 97°20’30 
‘’ to 97°24 ‘west longitude. Coastal wetland at sea level: 0 masl. 
the Tampamachoco Lagoon has an area of 1,500 ha [18] (Figure 1). 

	 Alvarado Lagoon System (ALS): It is located 66 kms southeast of 
the port of Veracruz, between geographical coordinates; 18°43’51” 
and 18°52’40” N; 95° 42’23 ” and 95° 57’25” W [19]. It is limited to 
the north by the Gulf of Mexico; to the east by the Gulf of Mexico as 
by the complex system of wetlands of Papaloapan, to the south with 
the municipalities of Tlacotalpan, Acula, Ixmatlahuacan and Lerdo 
de Tejada; to the west with the municipalities of Ignacio de la Llave, 
Tlalixcoyan, Medellin and Boca del Río. It is 17km long parallel to 
the coastline and with a maximum of 4.5 km. Communication with 
the sea is done through a 0.4 km wide bar [20,21] (Figure 1).

Verde Lagoon: It is located at a latitude 20° 00 ‘at 19° 01’48’ ‘ and 
at a length 96° 29’24 “at 95° 48’36”, it has an extension of 3 657 
km 2. It is formed by lagoons with conserved vegetation (wetlands), 
ocean areas, marshes, estuaries, bays the climate is warm subhumid 
with rains in summer (286-320mm) and the average annual tempera-
ture of 21-28°C. It has multiple linearly separated sandy barriers, as 
well as shapes and bathymetries gently modified by tidal action and 
non-marine processes, the Mexican counter current prevail and tropi-
cal storms, north and red tides occur. There may be seasonal droughts, 
so salinity varies from brackish to hypersaline and has freshwater 
contributions by rivers and lagoons [17] (Figure 1).

Sample collection

	 Surface sediments were collected in a network of four stations for 
each of them, using a Van Veen stainless steel dredge and an epoxy 
coating of 4 L capacity; selected according to the different morphol-
ogies, fluvial and tidal influence, as well as the villages settled on 
the margins and their possible discharges for each of the stations and 
were stored in plastic bags for transport to the laboratory.

Laboratory analysis

	 The methodology for the identification of microplastics was pro-
posed by Gómez [22], which consists of drying the samples, elimina-
tion of organic matter, sieving and separation, using a series of sieves 
of 8 different pore sizes, the which are recorded in the range of -2.25 
µm to 4.00 µm (taking into account the sedimentary residue known as 
PAN *), as well as an automatic sieve. The sediments already separat-
ed were stored in bags marked with both the station number and the 
sieve number. Subsequently, the flotation separation was performed. 
The identification was carried out using an optical Microscope, scan-
ning Electron Microscopy (MEB) for the identification of degradation 
process marks and Infrared Spectrometry (IR) for the characterization 
of the microplastics and to identify the polymer from which the dif-
ferent microplastics present are formed.

	 The sediments were dried and sieved through a 250 µm mesh; 
BPA was obtained by the method proposed by Wang et al. [23]; gen-
erally consists of, 5 g of dry sediment is placed in polypropylene 
centrifuge tubes, 10 mL of methanol HPLC is added to them, orbital 
shaking (250 rpm/20 min), sonication extraction (20 min), centrifuga-
tion (8000 rpm/20 min), solid phase extraction with florisil cartridg-
es and elution with methanol (10 mL); it is taken to dryness under 
a gentle nitrogen stream. It is derivatized with acetic anhydride, 0.1 
M potassium carbonate, hexane HPLC, taken to orbital shaking (250 
rpm/20 min), centrifuged (8000 rpm/20 min) and the supernatant is 
analyzed by GC-MS with a gas chromatograph coupled to an Agilent 
Technologies (6890) mass spectrometer, with an automatic injector 
and quadrupole with negative chemical ionization (5973 N) and a  

Figure 1: Collection areas and stations of the coastal lagoons of the state of Veracruz.
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DB-35 MS capillary column (60 m×0.25 mm×0.25 μm). The carrier 
gas was helium grade 5.0 with a 1 ml/min flow rate. Reagent targets 
and fortified targets were included. The detection and quantification 
limits were estimated from the signal-to-noise ratio of 3 and 10 at the 
fortified targets and were 0.03 and 0.10 ngg-1 respectively [24,25]. 
The recovery rate was 85%.

Results and Discussion
	 River systems subjected to untreated sewage discharges are 
also important sources of plastics contributions that, after degrad-
ing, microplastics are formed. In the municipality of Boca del Río, 
Veracruz. In 2014, the presence of a wastewater discharge point 
is reported, which corresponds to the Jamapa River, which is the 
main contribution of freshwater from the Mandinga lagoon. In the  
municipality of Alvarado (related to the Alvarado lagoon), until 2014 
there were 10 points of discharge of wastewater into rivers or streams. 
The lagoon systems of Alvarado and Mandinga are river-lagoon sys-
tems, which have large contributions of rivers, so they are impacted 
by the content of this wastewater being the last sites of current dispos-
al within the coast. In the municipality of Tuxpan (related to the Tam-
pamachoco lagoon), there are connections between the lagoon and the 
Tuxpan River, which implies two sources of wastewater entering into 
the river system. This is observed in the results obtained in this study.

	 In figure 2 the levels of presence of the different fractions for each 
of the lagoons are presented and a great variety of fraction sizes is 
presented and the Alvarado lagoon corresponds to the highest levels 
of presence in all the fractions, followed by Mandinga Lagoon, Tam-
pamachoco Lagoon and finally Verde Lagoon. In the four lagoons 
analyzed there is the presence of microplastics in the majority with a 
high variability of sizes.

	 From the analysis of the form of particles present and by  
comparison with reference images, the presence of secondary type 
microplastics is reported, which consisted of both microfibers and 
particles (Figure 3), which have different colors, observing a greater 
amount of fibers than particles for all the lagoons.

	 The presence of fragments, to a lesser extent compared to micro-
fibers, is due to the disintegration of macroplastics, which are found 
within the garbage or urban Solid Waste (MSW), which according to  

Rosado et al. [26], it is because after the life of the plastic has ended, 
the plastic becomes part of the urban solid waste (MSW), which due 
to its mismanagement (which includes collection, transport and final 
disposal), this material it has become the most frequent exogenous 
material in the ocean. Acrylic (Figure 4) is used in the manufacture of 
different utensils such as glasses, spoons, plates, among others, many 
of which, when discarded, form part of the MSW, so they imply a 
source of this contribution, material, as well as many other types of 
plastics.

Sem Images
	 Scanning Electron Microscopy (SEM) images obtained from dif-
ferent microplastic samples show degradation marks, which appear in 
different ways: according to Wang et al. [28], are presented as frac-
tures, according to Fries et al. [29], appear as detachments in the fibers 
and concerning Tollinsky et al. [30], are shown in the form of pores on 
the surface of the particles, being an example of the latter microplastic 
particles of the Alvarado lagoon (Figure 5).

	 The basic process of formation of secondary microplastics with-
in an aquatic system consists in the exposure of a larger plastic to  

Figure 2: Presence of microplastics in the different sieve sizes in the four study areas.

Figure 3: Microplastics in the form of fiber (A and A’) and in the form of particles (B). 
Both correspond to microplastics of secondary types.

Figure 4: IR spectrum obtained from a microplastic sample from the Tampamachoco 
lagoon (A). Acrylic IR spectrum recorded by Hassani et al. [27], (B). The matching 
absorption bands between both spectra are indicated by blue arrows in (A).
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Ultraviolet (UV) radiation, whereby plastics are photodegraded, that 
is; there is the degradation of the polymer matrix, which leads to the 
rupture of its bonds [31].

	 The presence of microplastics in the sediments is due both to their 
sinking, given by the density of the fragmented materials as well as 
by the organic activity that occurs on them. According to Setälä et al. 
[32], benthic organisms are susceptible to denser plastics, including 
Polyethylene Terephthalate (PET) and polyvinyl chloride, indicating 
that due to their density; it is expected that these are the polymers 
found within the sediments in the first instance. On the other hand, the 
aggregation of organic material, such as seaweed coating, can move 
the microplastics of lower density suspended towards the sediment, 
where they are incorporated and concentrated, which increases their 
sinking rate, coupled with the fact that there is a relationship between 
abundance of microplastics with organic content and fine fraction. 
Therefore, microplastics are added in the deposit areas [33]. This jus-
tifies the entry of microplastics formed by less dense polymers into 
the sediments (Figure 5).

Infra-Red (IR) spectrometry

	 From the comparison of the IR spectra obtained from the micro-
plastic samples of the Alvarado lagoon with that reported by Al-Sa-
bagh [34], the presence of the polypropylene polymer was deduced. 
The matching absorption bands between both spectra correspond to 
those found 3369.31 cm-1, 2920.58 cm-1, 1734.36 cm-1, 1458.48 cm-1 
and 1116.67 cm-1 (Figure 6).

	 Similarly, the presence of the acrylic polymer is reported, which 
forms the green microplastic particle used to obtain the IR spectrum, 
due to the similarity in the absorption bands with the spectrum report-
ed by Hassani et al. [27], which correspond to 2936.43 cm-1, 2244.35 
cm-1, 2028.08 cm-1, 1732.5 cm-1, 1449.95 cm-1, 1172.29 cm-1, 1073.31 
cm-1, 623.99 cm-1 mainly (Figure 4).

	 Fiber-shaped microplastics, as well as particles, within the study 
areas, are also subjected to UV radiation, which according to Car-
bery et al. [35]. This process is known as oxidative weathering and is 
caused in the first instance by the incidence of sunlight and by the in-
teraction of physicochemical factors such as salinity, temperature and 
dissolved oxygen, which enhance the effects of that radiation, thus 
increasing the degree of degradation, as well as other biotic factors, 
such as microbial colonization.

	 This process is confirmed due to the presence of an absent ab-
sorption band in the infrared spectra of polypropylene, without ef-
fects of environmental alteration, which is around the 1700 cm-1 wave 
number, which corresponds to the carbonyl group a, present during 
processes of oxidative degradation [36]. This is consistent with the  
images of SEM in terms of degradation processes that occur within 
the lagoons, this being corresponding to the process of photo oxida-
tion by ultraviolet radiation from sunlight, which indicates that they 
were initially microplastic floating in the superficial part of the waters 
of the lagoons. The presence of these microplastics in the superfi-
cial part of the lagoons makes possible the development of algae that 
cover them, thus causing the biodegradation process. IR spectra were 
also found whose greatest coincidence is polyethylene, material from 
which the fishing nets are manufactured, intense activity that is car-
ried out in the four lagoons, so that these fishing gears generate some 
impact on the lagoon ecosystems, given the wear of the networks.

	 By losing its structural integrity, due to its degradation, plastics 
are increasingly susceptible to fragmentation resulting from abrasion, 
wave action, temperature and turbulence. As coastal lagoons are de-
fined as hydrodynamic barriers, the movement of water is a factor that 
can cause that given that structural weakness there is fragmentation of 
different types of particles [1].

BPA

	 Table 1 shows the results obtained from the Alvarado lagoon and 
the Veracruzano reef system, for the sediments of the Alvarado lagoon 
the concentrations obtained range from 0.04 to 0.18 ng/g of BPA, 
while the samples of the Reef system its concentrations are higher 
and range from 0.23 to 0.35 ng/g. The above data show lower con-
centrations than those determined by Wang et.al. [23], whose con-
centration ranges from 0.32 to 27.30 ng/g in sediments of Lake Taihu 
in China. Recently Borges et al. [37], report concentrations of BPA 
ranging from 18.29 to 21.72 ng/g in sediments of the Ria and Cos-
ta de Campeche, Mexico. It should be noted that these results are 
among the first to appear in Mexican coastal systems and show that 
this compound is widely distributed in various environmental matri-
ces (sediments, water and organisms) and that its importance lays in 

Figure 5: SEM images obtained from microplastic samples from the Lagoons of Al-
varado (A): Verde (B): Tampamachoco (C): Mandinga (D): Veracruz, Mexico.

Figure 6: IR spectrum obtained from different microplastic samples from the four 
study areas (A): IR spectrum reported by Al-Sabagh [35] (B): The coincident absorp-
tion bands between both spectra are indicated by arrows blue.
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the high toxicity that BPA already shows. It has been considered as a 
disruptor of the endocrine system and produces carcinogenic effects 
when metabolized by hydroxylation and subsequent oxidation forms 
an orthoquinone that can establish covalent bonds with DNA and de-
velop mutagenic effects that could be the initiators of prostate and 
breast cancer.

	 Therefore, it is imperative to increase the number of analysis sites 
and determine them in organisms of fishery and commercial impor-
tance.

Conclusion
	 The presence of microplastics implies a problem of contamination 
of great importance and impact both within the coastal lagoons and 
for aquatic ecosystems in general. The lagoon systems of Alvarado 
and Mandinga were the ones that presented the majority of micro-
plastics of different sizes, due in large part to these lagoons; they have 
the favourable environmental conditions to fragment plastics to very 
small sizes.

	 The presence of the polypropylene polymer shows that clothing 
made from synthetic materials is one of the most important and abun-
dant sources of microplastics and greater risk to aquatic ecosystems. 
In addition to the above, the presence of acrylic polymer shows the 
risk that exists in the increase in the use of plastic in everyday life, 
many of which are of single-use, coupled with its poor management 
to prevent them from ending up in the coastal areas.

	 The investigations carried out and consulted for the comparison 
of the results obtained do not rule out the presence of bioaccumu-
lation and biomagnifications processes within the lagoons that were 
the subject of this study, so it can be ensured that these processes are 
possible.
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