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ABSTRACT

Microplastics in water, sediments and macroinvertebrates in a small river of NW Spain

Microplastics (MPs; plastic particles < 5 mm in size) are very common nowadays and ubiquitous in the environment and can 
cause harm to aquatic organisms. Around 300 million metric tonnes of plastic are manufactured each year and they are regularly 
mismanaged. Therefore, MPs are frequently found in the environment. Anthropogenic activity in urban areas is considered one 
of the major sources of MPs. In view of this, we hypothesized, that MPs are present in all areas of rivers, even in riverheads. 
We analyzed macroinvertebrates in an urban river for MPs and discuss their potential environmental impact. We collected water 

-

the river called upstream (G1), in the middle part of the river and upstream of a town (G2) and in the downstream area before 

-

and biota consisted of polyvinyl chloride (PVC) and polyethylene terephthalate (PET) and the abundances of MPs were very 
similar. We found more MP particles in biota and water (35 pieces in each compartment) than in sediments (28). Microplastics 
were found in the cases of Trichoptera families like Lepidostomatidae and Limnephilidae, and inside the body of some Odonata 

Since MPs have been found in freshwater habitats globally, future studies should analyse which macroinvertebrates could be 
used as MP bioindicators.
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RESUMEN

Microplásticos en agua, sedimentos y macroinvertebrados en un pequeño río del noroeste de España

Los microplásticos (partículas de plástico de tamaño < 5 mm, MPs) son muy comunes hoy en día y omnipresentes en el medio 
ambiente y pueden causar daños a los organismos acuáticos. Como cada año se fabrican unos 300 millones de toneladas mé-
tricas de plásticos y se gestionan mal, los MPs también son muy frecuentes. Nuestra hipótesis es que, debido a la alta densidad 
de actividad antrópica en las zonas urbanas, el medio ambiente urbano se considera como una de las principales fuentes de 
microplásticos (MP), estas partículas podrían ser fácilmente transferidas a las zonas ribereñas a lo largo del río y a través de 
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INTRODUCTION

Plastics are man-made synthetic materials com-
prising a wide range of polymers such as polye-
thylene (PE), polypropylene (PP), polyvinyl chlo-
ride (PVC) and polyamide (PA), that are moulded 
into shape while soft, and then set into a rigid or 
slightly elastic form. Their features (e.g., durabi-
lity, light weight, low price) make them one of the 
most demanded products in our society (Herre-
ra et al., 2018). Since the 1950s, plastic produc-

around 300 million metric tonnes of this material 
are manufactured worldwide each year (Scherer 
et al., 2017; Statista, 2021). Despite the multiple 

from these products, unsuitable resource mana-
gement has led to waste accumulation in natural 
ecosystems (Barnes et al., 2009). Plastic particles 
with a size below 5 mm are called microplas-

(Herrera et al., 2018): MP particles intentionally 
manufactured with a size < 5 mm, used in resin 
pellets or as ingredients of a great variety of cos-
metic products (Cole et al., 2011; Chang, 2015), 
and secondary MPs arising from the fragmenta-

tion and degradation of plastic items (Lambert & 
Wagner, 2018). 

Similar to other persistent pollutants, MPs can 
-

ted in the ocean in the 1970s (Carpenter & Smith, 

been oriented towards marine environments (Ro-
chman, 2018). In recent years, this trend has chan-
ged, and some studies have shown the presence of 
these pollutants in freshwater, terrestrial ecosys-
tems and other habitats (Wagner et al., 2014; Sà et 
al., 2018; D’Souza et al., 2020; O’Connor et al., 
2022; Rillig & Lehmann, 2020).

considered that abandoned, lost or otherwise dis-

of plastic waste in the marine environment (Lus-
her et al., 2017), and sources of MPs in continen-

wastewater treatment plants and wastewater from 
domestic washing machines (Waldschläger et al., 
2020). Due to their small size, MPs can be inges-
ted directly or indirectly by a variety of animals 
and can be incorporated and accumulated adjacent 
to urban centres, and transferred through food 
webs from the habitat to aquatic organisms (Bar-
nes et al., 2009; Setälä et al., 2014). The impacts 

las redes alimentarias del hábitat a los organismos acuáticos. Por esta razón, se planteó la hipótesis de que los microplásticos 

MPs en macroinvertebrados en un río urbano y conocer su posible impacto y evaluar la presencia en la comunidad acuática. 

IBMWP (MAGRAMA, 2011) en el río Gafos (NO de España) durante el verano de 2020 en tres puntos de muestreo diferentes: 
en la cabecera del río llamada aguas arriba (G1), en la parte media del río y aguas arriba de una ciudad (G2) y en la zona 

microplásticas en todas las muestras de agua (G1, G2 y G3) y en algunas de las muestras de sedimentos. El análisis de los 
distintos tipos de microplásticos se llevó a cabo mediante espectroscopia infrarroja con transformada de Fourier (FTIR-ATR). 
La mayoría de los microplásticos encontrados en el agua, los sedimentos y la biota eran policloruro de vinilo (PVC) y teref-
talato de polietileno (PET) y la cantidad de MPs era muy similar. Encontramos más partículas de MPs en la biota y el agua 
(35 unidades en cada compartimento) que en los sedimentos (28). Se encontraron microplásticos en los estuches de familias 
de Trichoptera como Lepidostomatidae y Limnephilidae, y en el interior del cuerpo de algunas familias de Odonata como 

hay otros macroinvertebrados como bioindicadores de MPs que deben ser investigados más a fondo en diferentes ecosistemas 
de agua dulce en todo el mundo.

Palabras clave: polímero sintético, insectos de agua dulce, microplásticos, contaminación plástica, Trichoptera, Odonata, 
sedimento, río atlántico
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caused by MPs in freshwater ecosystems are not 
-

the ingestion of MPs can disrupt physiological 
processes in marine worms, compromising their 
ability to store energy (Wright et al., 2013). Once 

-
rious ways. MPs are harmful as they accumulate 
contaminants. Furthermore, MPs can be found 
in the digestive tract of a variety of aquatic orga-
nisms, such as zooplankton, mollusks, crustacea, 

al., 2021) where they inhibit nutrient absorption 
and reduce the consumption of resources. As a 
result, MPs are limiting growth, reproduction and 

ingesting nano- and micro-plastics present in sea 
food products are still controversial and cannot 
be assessed with the current level of knowledge 

-
tants adsorb onto the MP surface, thus providing 

2019). MPs may accumulate harmful chemicals, 
such as dichlorodiphenyltrichloroethane (DDT), 
polychlorinated biphenyls (PCBs), and polybro-
minated diphenyl ethers (PBDEs) or heavy me-
tals, increasing their concentration by orders of 
magnitude. This process is reversible, and these 
pollutants can be released upon ingestion, causing 

-
man et al., 2014). There is also evidence that con-
taminants can be transferred throughout the food 
web (D’Souza et al., 2020; O’Connor et al., 2022). 
Regarding freshwater ecosystems, recent studies 
by Ehlers et al. (2019, 2020) found that MPs can 

 
which incorporate these particles into their cases. 

that Mollusca, Oligochaeta, and Chironomidae 
like , Lithoglyphus nati-
coides and Chironomus acutiventris could bioac-
cumulate MPs in the Danube River. 

As part of the food web, humans might be 

represent the upper ultimate predator. The uptake 
of plastic particles by humans occurs through 
terrestrial and aquatic food products, drinking 
water and inhalation (Carbery et al., 2018). For 

-

croplastics through ingestion of natural prey or 
adherence to the organism’s surface (Kolandha-
samy et al., 2018). The risk of consuming MPs 
is more prominent with animals eaten whole. By 

-
sen (2014) showed that the blue mussel Mytilus 
edulis contained, on average, 0.36 ± 0.07 MP par-
ticles g-1. Globally, humans may ingest an ave-
rage of 0.1–5 g/week of MPs up to 1 mm in size, 

2019). Some studies have demonstrated the trans-
location of polystyrene and PVC particles from 
the gut cavity to the lymph and circulatory system 
of the marine mussel, Mytilus edulis (L.). Tiny 
particles (< 30 nm) have the potential to cross cell 
membranes, the blood-brain barrier, and the pla-

energy allocation (Hussain et al., 2001).
The concentration of MPs in continental wa-

ters is highly variable, to the point that only the 20 
most polluted rivers in the world transport 67 % 
of the plastic debris that reaches the oceans each 
year (Lebreton et al., 2017). Therefore, studies 

in continental waters can help to understand the 
dynamics of these pollutants in natural ecosys-
tems. The aim of this study is to quantify MPs in 
a small urban river located in Spain, to describe 
their appearance and composition, and to assess 
the presence of MPs in macroinvertebrates.

METHODOLOGY

Study area

The Gafos River is a small urban river that crosses 

the Pontevedra sea inlet, forming a basin with an 
area of 25.57 km2 that supports a population of 
around 83 100 inhabitants (INE, 2021). The Ga-

-
vironments, agricultural, forest and semi-natural 
land use areas (Fig. 1). This river belongs to the 
Galicia-Costa River basin district. Moreover, it is 

in typology 30 (R-T30) (MAGRAMA, 2015). 
This typology of rivers (R-T30) includes short 
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rivers, with steep slopes and high erosive power. 
2 and 

20 m3

of the middle and upper courses. This area has a 
humid oceanic temperate climate with an avera-
ge annual temperature of 13.5 ºC and an average 
annual precipitation of 1500 mm. We chose this 
river because it is mostly located in the town of 
Pontevedra, the capital of the province. Gafos has 
a small basin, which is 10.6 km in length where 
the urban areas are surrounding almost the entire 

one at the head of the river called upstream (G1, 
42.3807625652687, -8.647587870321857), in the 
middle part of the river and upstream of a town 
(G2, 42.4172711079722, -8.635745131547248) 
and in the downstream area before the river mou-
th in the Atlantic Ocean (G3, 42.4262693927145, 
-8.642527190881742). 

Sample collection 

In summer 2020, a sampling campaign was con-
ducted, and water (one sample for analysis of nu-

and sediment (one sample subdivided into two 
subsamples: S1 and S2) for MPs study and bio-
ta samples (one sample of 20 kicks at available 
habitats in each site) for biodiversity and water 
quality study, were collected at upstream (G1), 
middle part (G2) and downstream (G3) of the Ga-
fos River sampling sites (Fig. 1). Furthermore, the 
sample (S3) was collected for macroinvertebrates 

 
ysed for microplastics. Late spring and summer 
are the seasons when the biodiversity of aquat-
ic macroinvertebrates in this type of river in the 
North of Spain is high, due to food availabil-
ity and the presence of macrophytes, which are 
refuge for the fauna (Martínez et al., 2020). Benthic 

Figure 1. -
faces, in yellow the agricultural areas and in green the forest and semi natural areas. El río Gafos y los puntos de muestreo (G1, G2 

verde las zonas forestales y seminaturales.
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macroinvertebrates were sampled according to 
the methodology established by the Water Frame-
work Directive (2000/60/EC) (Council of the 
European Communities, 2000) using a kick net 

running freshwater, macrophytes, mosses, stones 
in current, lotic stones, roots, woody debris, etc. 
Samples were pooled and transported to the lab-
oratory in glass bottles with 70 % ethanol. Then, 

-
cation key of Tachet et al. (2002). With the data 

Monitoring Working Party) (Alba-Tecedor et al., 

by the number of families) and richness were cal-
culated to assess the ecological status of the dif-
ferent sampling sites.

Additionally, at each sampling site, several 
physical and chemical variables were measu-
red in situ using a multiparameter probe (Hanna 
Instruments, Model HI 98194), including water 

-
solved solids (TDS), pH and Electrical Conduc-
tivity (EC). Moreover, water samples (4L) were 
collected in glass bottles for analysing the content 
of nitrates, nitrites, sulphates, COD (Chemical 

-
bon). The sediments were sampled in the selected 
sampling area.

For the study of MPs, water, sediments and 
macroinvertebrates were analysed. Sediments 
were collected using the methodologies of Ro-
drigues et al. (2018) and Masura et al. (2015). 
On the one hand, two subsamples of 100 g each 
(S1 and S2) of the sediment from the riverbed 

-
lly for the MPs analysis. On the other hand, we 
also checked for the possible presence of MPs in 
the sediments from the benthic substrate of the 
benthic macroinvertebrates sample (S3). For the 
macroinvertebrates, we sampled the area of the 
20 kicks (as indicated in the sampling protocol 

microhabitats throughout the stretch of the river 
(100 m), which covers an area of 2.5 m2 (the area 
of the net for each kick is 0.125 m2.) All the parti-
cles for polymer type analysis from the sediments 
(S3) from the macroinvertebrates’ samples were 

manually collected and placed onto Petri dishes. 
Furthermore, the particles that resembled mi-
croplastics in the sediment samples (S1 and S2) 
were sorted out at the lab and polymer types were 
analysed. For assessing MPs in water, the metho-
dology developed by the Libera project (LIBE-
RA, 2020) was followed. At each sampling site, 
4L of water were collected from the central area 
of the river basin using glass jars and all the vo-

samples, a manual vacuum pump and Whatman 

stored in clean glass containers and transported to 
the laboratory to check for the presence of MPs.

Contamination control

The prevention of cross-contamination is essen-
tial in MP research. Cross-contamination can lead 
to overestimation of microplastic concentrations 
(Bogdanowicz et al., 2021). Cross-contamination 
was controlled using the sampling procedure de-
scribed by Ehlers et al. (2022). Besides cleaning 

-
ple jars, and all glassware with ultrapure water, 
the hand net was cleaned with hypochlorite and 
then with ultrapure water between sites to avoid 
cross-contamination. Blanks to control for con-

the river. To prevent contamination from synthet-
ic clothing, white cotton lab coats and blue nitrile 
gloves were worn during sample processing. No 

sediments or for water samples.

Water and sediment processing

At the laboratory, we analysed the water and sedi-
ment samples for MPs following and adapting the 
NOAA laboratory methods (Masura et al., 2015; 
Rodrigues et al., 2018). 

-
mogenized. After stirring, three 100 g sub-sam-
ples (wet weight) were created from each sam-
pling site and dried at 40 ºC for 48 h to determine 
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-
ted following the methodology described by He 
et al. (2021). Dried sub-samples were placed in 
250 mL glass beakers, and then 50 mL of hydro-

-
nic matter. This step was repeated until all the 
organic matter was removed. The room tempera-
ture of the laboratory was 20 ºC. Then, sub-sam-
ples were run through a stacked series of metal 
sieves (5 and 0.055 mm) with Milli-Q® water, 
considering only particles with a size < 5mm and 
> 0.055 mm. Subsequently, a zinc chloride so-
lution (ZnCl2; density 1.7 g/cm3) was added to 
separate the remaining high-density mineral frac-
tion from the light fraction, in which microplas-
tics are found. The sub-samples with MPs were 
again added to 250 mL beakers with 50 mL of 
ZnCl2. Beaker contents were stirred with a mag-
netic stirrer for 15 min and then samples were 
kept in an ultrasonic bath for 2 min. Finally, after 
density separation, the subsample solution was 
left to settle for at least 2 hours, and the super-

 
-

nic matter, with a room temperature of 20 ºC. The 
process was repeated until all the organic matter 

-

no other organic particles present. The sample 
 

-

was used. Following the methodology used by 

addition, the colour of each particle was noted. 

Presence of MPs in fauna

using the stereomicroscope, and we found MPs in 
some Odonata bodies (Gomphidae) and Trichop-
tera cases (Leptoceridae and Limnephilidae). 

MPs were removed from the organisms using 
tweezers, labeled, and kept in Petri dishes. Af-
terwards, these pieces were analyzed in the lab 
where FTIR analysis was conducted to obtain in-
formation on polymer types. The small particles 
from the water and sediments, which were similar 

analysed with FTIR because of their size.

FTIR analysis

All FTIR measurements were conducted with a 
Nicolet 6700 ATR with a diamond crystal Smart 
Orbit. The spectral resolution was 4 cm  and 
measurements were conducted in a wavenumber 
range of 4000–400 cm . Plastic polymer types 

-
tioned by Jung et al. (2018) and Käppler et al. 
(2015).

RESULTS

In total, 566 individuals were captured at the three 
sampling sites. Figure 2 shows the abundance of 

 
and in G2 Trichoptera (27 %) and Coleoptera 
(22 %). Odonata was also very abundant in G1 
(19 %) and Coleoptera in G2 (22 %). Indepen-
dent of the site, insects were the most abundant 

Figure 2.
captured at each sampling site (G1, G2 and G3). Abundancia 
de los diferentes taxones de macroinvertebrados capturados en 
cada punto de muestreo (G1, G2 y G3).
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group. In G1, specimens belonging to Diptera 
were the most abundant order, followed by Odo-
nata and Coleoptera. In G2, Trichoptera were the 
most abundant individuals, followed by Coleop-

again the most abundant group in G3, followed 
by Mollusca. In G3 Chironomidae, Physidae, 
Bythinidae and Baetidae were the most common 
families in the sample.

-
ver in sites G1 and G2 has a good ecological state 
(Table 1). In fact, in the high and medium cour-
se, the Gafos River reached the top water quality 
category (Good/Moderate). In addition, at these 
sites, the water is in good condition according to 

EC of the European Parliament and of the Coun-
cil (Table 1). Nevertheless, after crossing the 

that, close to the mouth (G3), water quality was 

-
pling sites G1 and G2. The poor water quality in 

During the processing of the macroinverte-
brate samples from G1, G2 and G3, 34 particles 

-
fos River sediment from the locations where the 
macroinvertebrates were sampled are shown in 
Figure 3. Polyester (PEST) was the most abun-
dant polymer independent of the sampling site, 
followed by Polyethylene (PE) and Polyethyle-
ne terephthalate (PET; which is a polyester) in 
G1 and G2. 

On the one hand, in sediment samples 28 MPs 
were found (Fig. 4): 19 in G2 (14.96 MPs/m2) 
site and 9 in G3 (7.08 MPs/m2). No microplastic 

was found at site G1 in the two subsamples of 
sediments (S1 or S2). However, there are MPs in 
the S3, the sediments coming from the biota sam-
ple. We found 9 fragments in G1, 16 fragments 

Figure 4.  Abundance of microplastics (MPs) according to 
morphology and colour found in water and sediments from 
the samples S1 and S2 in each sampling site (G1, G2 and G3). 
Abundancia de microplásticos (MPs) según morfología y color 
encontrados en agua y sedimentos de las dos submuestras S1 y 
S2 en cada punto de muestreo (G1, G2 y G3).

Figure 3.
found in sediments from bed surface (S3) in each sampling site 
(G1, G2 and G3). Abundancia relativa (%) de los diferentes 

lecho (S3) en cada punto de muestreo (G1, G2 y G3).

Site pH EC 
(μS/cm) 

DO 
(mg/L) 

TDS
(mg/L)

 Chloride
(mg/L)

 Nitrite
(mg/L)

 Nitrate
(mg/L)

 Phosphate
(mg/L)

 Sulphate
(mg/L)

 CDO
(mgO2/L)

 TOC
(mg/L) Richness IBMWP RSS IASPT Ecological Status 

G1 5.9 188 18.8 17.3 94 15.45 <0.05 4.98 <0.05 6.92 4.0 1.82 26 146 0.65 5.6 Good/Moderate 

G2 6.0 224 13.4 18.8 112 15.35 <0.05 5.42 <0.05 8.32 0.8 2.16 28 168 0.75 6.0 Good/Moderate 

G3 7.1 487 6.6 18.8 142 15.7 <0.05 4.99 <0.05 7.05 13.6 2.55 14 62 0.28 4.4 Poor/Bad 

Temperature
(ºC)

Table 1.  Chemical characteristics of water at each sampling site and ecological status assessment based on IBMWP calculation. Car-
acterísticas químicas del agua en cada punto de muestreo y evaluación del estado ecológico basada en el cálculo de IBMWP.
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in G2 and also in G3. On the other hand, in water 
samples, MPs were detected at all three study si-
tes. G2 was the site with the highest abundance 
of MPs (19), followed by G1 (12) and G3 (2) to 

-
rent colours (Fig. 5). 

detected in water and sediments, blue MPs were the 
most frequent, followed by black and red (Fig. 4).

The polymers found in the samples were 
around 1-5 mm and had a weight of 0.012- 
< 0.0001 mg. We found ethylene-vinyl-acetate and 
polyester urethane particles in the shape of spheres 
in Gomphus. In the Trichoptera cases polyethylene 
was found as a small fragment of ca. 5 mm.

Figure 6 shows a FTIR spectrum of a PET MP, 
which was found in the Odonata sample from 
Aeshnidae. The red arrows show the wavenum-
bers related to the polymeric read. To comple-

Figure 5.
-

fragmento azul a la derecha. La escala es de 10 mm.

Figure 6.  FTIR spectra representation of the presence of Polyester (PEST) in the Odonata sample. The red arrows show the wavenum-
bers related with the polymeric read. Representación de espectros FTIR de la presencia de Poliéster (PEST) en la muestra de Odonata. 

.
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ment this, Fig. 7 shows a Gomphus (Odonata) 
body with particles of ethylene-vinyl-acetate 
and polyester urethane inside. In addition, Fig. 8 
shows polyethylene MPs in the Trichoptera cases.

DISCUSSION

considering its ecological status (according to EU 
Water Framework Directive 2000 (WFD)) both in 
G1 and G2 sites. The selection of sampling area 

for checking the presence of MPs was done by ta-
king the heterogeneity of the river into considera-
tion in order to avoid a possible bias. The impact 
of agriculture and the increase in organic pollution 

found in G3. This site is located in the middle of 
the city and downstream of the whole river basin 
area (Fig. 2). This area is surrounded by crop zo-
nes that might produce the higher levels of orga-
nic matter found in G3 as other researchers found 
out in other rivers (Marziali et al., 2010).

Regarding the MP concentration, the value 

-
cially close areas like Portugal (Table 2). As far 
as polymer types are concerned, PE and PP are 
the most abundant polymers in river sediments. 
However, other authors in Portugal such as Sá et 
al. (2022) found that polyethylene terephthalate 
(PET, 29 %) and polyacrylate (PAcr) (23 %) were 
the most common polymer types in sediments. 
In the study area, there are many industrial sites 

the town of Pontevedra. Previous studies support 

throughout the rivers and their distribution (Cole 

that low-density polymers are likely to be trans-
ported longer distances, while plastics with a 

(PVDF) would likely accumulate in sediments 
close to the source sites, which can be primari-

-
zzetto et al., 2016, He et al., 2020). The more ur-

most abundant polymer in the Gafos River was 

-
bres were the most abundant type, similar to the 

-
tion and distribution with the accumulation of MP 
from various inputs throughout the course of the 

closer region in Portugal where a similar propor-
tion of MPs was found (Sá et al., 2022). 

The main entry route for MPs into Gafos Ri-

Figure 8.  Two Trichoptera (Lepidostomatidae on the left and 
Limnephilidae on the right) cases with incorporated fragments 

Dos es-
tuches de Trichoptera (Lepidostomatidae a la izquierda y Lim-
nephilidae a la derecha) que han incorporado fragmentos de 
polietileno durante su construcción. La escala es de 1 mm para 
ambas imágenes.

Figure 7.  Gomphus, from the Gomphidae family. It has spheres 
(red arrow) of ethylene-vinyl- acetate and polyester urethane 

using tweezers. The scale is 10 mm. Gomphus, de la familia 
Gomphidae. Lleva incorporadas en el interior de su cuerpo 

poliésteruretano. Los microplásticos se extrajeron con pinzas. 
La escala es de 10 mm.
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which accumulates waste products in the banks 
that will later be carried into the river. For instan-
ce, Rodrigues et al. (2018) found higher MP levels 
in the Antigua River’s sediments after rainfall and 

levels between dry seasons and wet seasons in fu-
ture studies, as other authors suggested and pre-
sented (Sá et al., 2022) for the Lis River Basin.

Nevertheless, there is evidence that MP inges-
tion is not the only problem associated with the 
presence of MPs in aquatic environments. Ehlers 

-
ses, and their results showed that the microplas-

also showed a wide spectrum of colours. In our 

-
diments in G2. However, only fragments and no 

the bodies of Gomphus.
In this study, MPs were detected in the cases 

this area and this river type in Spain. Although 
MPs were previously detected in mineral caddis-

-
tructions of freshwater organisms that are made 
of wood and leaves. MPs can act as a vector for 

(Campanale et al., 2020). When these plastic par-
-

larvae (Ehlers et al., 2019). Another recent study 
showed that PVC and PET particle content in the 

these cases made of stone and inorganic particles. 
This change in the stability of the cases probably 
reduces the protective function of the cases and 
presumably increases the animals’ predation risk 
(Ehlers et al., 2020). Moreover, as plastic is lighter 
than sand, larvae may be positively buoyant and 

critical primary consumers in aquatic ecosystems 
(Ehlers et al., 2020).

MPs in freshwater fauna, either as part of bio-
logical structures or inside the digestive tract, are 
a risk for global freshwater ecosystems (Kumar 
et al., 2021). There are many studies focusing 
on MP transport through the food web in mari-

Nº Location Concentration  Reference 

1 Hudson River, USA 0.98 particles/litre surface water Miller et al. (2017) 

2 River Thames, UK 66 particles per 100 g of dry sediment Horton et al. (2017) 

3 Shangai River, China 80.2 ± 59.4 particles per 100 g of dry sediments  Peng et al. (2018) 

4 Changjiang Estuary, China 12.1 ± 0.9 particles per 100 g of dry sediment Peng et al. (2017) 

5 Ciwalengke River, Indonesia 5.85 ± 3.28 particles per litre Chaya Alam et al. (2019) 

6 Ciwalengke River, Indonesia 3.03 ± 1.59 particles per 100 g of dry sediment  Chaya Alam et al. (2019) 

7 Antigua River, Portugal 18-629 particles per kg of dry sediment  Rodrigues et al. (2018) 

8 Rhine, Koblenz 0.26 ± 0.01 to 11.07 ± 0.6 × 103 MP particles kg–1 in the 11– nge Mani et al. (2019) 

9 Lis River Basin fibres 0.02 to 1111.11 items.m3 in water and 10.66 to 1609.64 items.kg-1 in sediment Sá et al. (2022) 

10 Lis River Basin fragments 0.02 to 2311.11 items.m3 in water and 10.66 to 501.01 items.kg-1 in sediment Sá et al. (2022) 

11 Gafos River, Spain 0-83.27 particles per kg of dry sediment This study 

12 Gafos River, Spain 0-4.75 particles per litre This study 

Table 2. La concen-
tración de microplásticos encontrada en sedimentos y en la columna de agua en diferentes estudios, incluido éste.
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ne environments (Horn et al., 2019; Schmid et 
al., 2021). However, such studies in freshwater 
ecosystems are mostly lacking. Nevertheless, 
some authors have studied the transport of micro-
plastics through the aquatic food web. D’Souza 
et al. (2020) found high microplastic concentra-
tions in the fecal and regurgitated pellets from 
Eurasian dippers (Cinclus cinclus). This study 
found that plastics were present in both adult and 
nestling diets, showing trophic transfer of plastics 

Further- 
more, this study demonstrated the intergeneratio-
nal transport of plastics in prey supplied from pa-

-

pollution in European rivers (Vitecek et al., 2021).

CONCLUSIONS

MPs were detected in water, sediments and macro-
invertebrates of a small river in northwestern 
Spain, and our results suggest that their concentra-
tion increased as human activity and presence in-

microplastics into their organic cases during the 
larval stage. Hence, Trichoptera could be used as 
bioindicators for microplastic pollution.

On the other hand, the ecological quality in-
dices of rivers do not provide information on 

emerging or multiple stressors including pollu-
tion by MPs. Therefore, future research should 
consider the possible inclusion of these emerging 

and the water quality protocol for ecological as-
sessment of waterbodies.

We conclude that there is a need to conduct stu-
dies on standardized MP analysis in aquatic fauna. 

-
rent sizes, polymer types and shapes are present 
in freshwater aquatic invertebrates, and so they 
might be used as MP bioindicators in freshwater 
ecosystems. More studies are needed to better 
understand selection, occurrence, shape, polymer 
types, and particle sizes, particularly for the small 
plastic particles inside the macroinvertebrates and 
as part of the benthos. Furthermore, it should be 
investigated if macroinvertebrates could be used 
as bioindicators for microplastic pollution.
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