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A B S T R A C T

Microplastics (MPs) are environmental pollutants of growing concern, and awareness of MPs pollution in marine
and freshwater environments has increased in recent years. However, knowledge of MPs contamination in
riverine sediments in Ireland is limited. To address this, we collected and analysed sediment samples from 16
selected sites along the River Barrow. Microplastics were extracted through a density separation method, after
which their size, colour, and shape were analysed under a stereo microscope (Optica SZM-2). Attenuated total
reflection Fourier transform infrared (ATR-FTIR) spectroscopy was used to identify polymer types. A total of 690
MPs were recovered from the 16 sites, with fibres as the dominant MP type. The highest concentration of MPs was
155 MP fibres kg�1 wet sediment found in samples collected from Graiguenamanagh, Co. Kilkenny (GK). The
majority of the recovered MPs were polyethylene (PE), polypropylene (PP), nylon, and cellulose acetate (CA)
fibres. Overall, this study highlighted the presence of MPs in Irish river sediments and provided a baseline for
future studies on MPs pollution. Further research is needed to better understand sources, distribution, and effects
of MPs in freshwater ecosystems.
1. Introduction

The global production of plastics has rapidly increased over the past
70 years reaching almost 370 million tons in 2019, compared to 1.5
million tons in 1950 (Plastics Europe, 2020). Due to the high dispos-
ability and limited recovery of plastic materials, plastics have been
accumulating in aquatic environments, including rivers, lakes, and ma-
rine environments, leading to increased concern about their
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environmental effects (Rillig, 2012; Rocha-santos and Duarte, 2015).
Plastics have been widely used in daily life in a multitude of products
such as packaging (39.6%), building and construction (20.4%), auto-
motive (9.6%), electrical and electronic (6.2%), household, leisure, and
sports (4.1%), agriculture (3.4%), and others including appliances, me-
chanical engineering, furniture, and medical (Andrady and Neal, 2009;
Bouwman et al., 2018; Plastics Europe, 2020). The most common plastic
materials used are high-density polyethylene (HDPE), low density
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polyethylene (LDPE), polypropylene (PP), polyvinylchloride (PVC),
polystyrene (PS), and polyethylene terephthalate (PET) or polyester
(Boyle and €Ormeci, 2020; Ivar Do Sul et al., 2014; Magalh~aes et al., 2020;
Ziajahromi et al., 2016).

Microplastics (MPs) are defined as plastic fragments less than 5mm in
diameter and are of concern in part due to their potential to accumulate
organic contaminants (Masura et al., 2015; Murphy and Quinn, 2018;
Wagner et al., 2014). Microplastics can be classified into two categories
based on their origin: primary and secondary MPs. Primary MPs are
intentionally manufactured in small size and used as industrial pellets for
further processing, to be added directly in cosmetic products such as
facial scrubs or other personal care products and toothpaste, or to be used
in abrasive blasting and medical vector applications. In contrast, sec-
ondary MPs result from the breakdown of larger plastics, such as MP fi-
bres produced by mechanical stress to synthetic textiles and the products
of in situ litter decomposition (Horton et al., 2017; Magalh~aes et al., 2020;
Rocha-santos & Duarte, 2015). Plastics degradation may occur once
exposed to aquatic environments due to the effects of sunlight, pH,
temperature, biological, physical, and chemical conditions (Law and
Thompson, 2014; Li et al., 2020a). Plastics often include a variety of
chemical additives such as plasticizers, flame retardants, cross-linking
additives, antioxidants, and other stabilizers, which may leach out to
the environment or within organisms following ingestion (Sartain et al.,
2018). Microplastics have been shown to adsorb persistent organic pol-
lutants (POPs) such as polycyclic aromatic hydrocarbons (PAHs), poly-
chlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethanes (DDTs),
and nonylphenols due to their hydrophobicity (Men�endez-Pedriza and
Jaumot, 2020). Because of their small size, MPs have a high bioavail-
ability when ingested. Once MPs enter organisms, they can release
chemicals added during production as well as absorbed contaminants
from their surface, which can potentially cause toxic effects (Gabriel
et al., 2019). Therefore, MPsmay pose threats to organisms and to human
health as they may be ingested deliberately or accidentally by fish and
other species, thus entering the food chain (Gabriel et al., 2019; Gall and
Thompson, 2015; Li et al., 2020b; Zhang et al., 2019). Some of the
chemicals used to produce plastics such as bisphenol A (BPA), phthalates,
and flame retardants used in household and food packaging, have been
confirmed to affect human health if ingested or inhaled (Campanale
et al., 2020a, 2020b; Li et al., 2020a, 2020b, 2020c). Household products
that may contain BPA include canned foods, glass jars lids, food pack-
aging products such as baby bottles, drinking containers, and snack
packaging (Chen et al., 2017). Polyvinyl chloride (PVC) floors, PVC
leather, food packaging, toys, polishing products, and skincare items
have all been shown to contain phthalates (Zhang et al., 2020). Bromi-
nated flame retardants are used in household objects such as furniture
and textiles (Niu et al., 2019). A recent study suggested that bottle fed
infants are consuming 1 million MP particles daily (Li et al., 2020a,
2020b, 2020c). In the United States, estimations of MPs consumed per
person annually via the food chain and inhalation have ranged from
74000 to 121000 (Cox et al., 2019) and MPs have also been detected in
human stool (Li et al., 2020b). However, the health impacts of MPs in
humans are yet to be established (Li et al., 2018; Wright and Kelly, 2017).

Microplastics have been observed in a variety of shapes, such as
fragments, fibres, microbeads, films, and pellets. Microfibres and
microbeads are mostly discussed because of their prevalence in everyday
life (Boyle and €Ormeci, 2020; Lenaker et al., 2021). Microfibres account
for 59% of MPs released into the environment, due to fragmentation
during household washing of synthetic fabrics and wastewater dis-
charges from textile industries, which significantly contribute to river
and ocean pollution (Kole et al., 2017; Reineccius et al., 2020). Dis-
charges from domestic wastewater treatment plants, landfill leachate,
and surface run off from urban areas have been identified as important
sources of MPs in freshwater environments (He et al., 2019; Li et al.,
2020a).

Microplastics in aquatic sediments can be ingested by a range of
benthic organisms (Li et al., 2020c; Tan et al., 2019) and are recognized
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as an emerging issue in both marine, freshwater, and terrestrial envi-
ronments. Most studies have focused on MPs in marine ecosystems (Li
et al., 2020a). However, a review of literature between 2012 and 2020
revealed a total of only 158 publications that have referred to freshwater
compared to 2864 for marine ecosystems (Cera et al., 2020; He et al.,
2020). Over the last decade, MPs have been documented in freshwater
ecosystems globally, as the number of studies has rapidly increased
(Eerkes-Medrano and Thompson, 2018). The detection of MPs in Irish
freshwater ecosystems is limited. A preliminary study on MPs in Irish
freshwaters by Cedro and Cleary (2015) showed the presence of MPs in
river, lake, and wastewater (Cedro and Cleary, 2015). The current study
is aimed at assessing the presence of MPs in the River Barrow. Micro-
plastics were extracted from sediment samples through the density sep-
aration method using various high-density brine solutions (Nakajima
et al., 2019). Density separation using concentrated salt solutions have
been shown to be effective for recovery of MPs from marine and fresh-
water sediments. Attenuated total reflection Fourier-transform infrared
spectroscopy (ATR-FTIR) was used to identify different polymers.
Infrared spectroscopy has been used as the most common method for MP
polymers identification (Zobkov and Esiukova, 2018). Attenuated total
reflection Fourier transform infrared (ATR-FTIR) was used in this study
since it has been considered as one of the useful techniques for obtaining
spectra from small particles and examining surface interactions.

2. Materials and methods

2.1. Sampling sites

The River Barrow is Ireland’s second longest river. It is roughly 196
km long from source to sea, having a catchment area of 3067 km2. Before
it joins the River Nore, the River Barrow has an average flow rate of 37.40
m3/s. Counties Laois, Kildare, Kilkenny, Carlow, Wexford, andWaterford
are all bordered by the River Barrow. It flows north and east past
Mountmellick and Portarlington to Monasterevin, rising on the northern
slopes of the Slieve Bloom Mountains in Co. Laois. The River Barrow
flows from Monasterevin to Saint Mullin's, passing through the towns of
Athy, Carlow, Leighlinbridge, Bagenalstown, Goresbridge, Borris, and
Graiguenamanagh (Figure 1). Waterford Harbour is formed when the
River Barrow meets the River Nore upstream of New Ross, Co. Wexford,
and merges with the River Suir. The River Barrow is influenced by the
tides fromWaterford Harbour to St. Mullins, Co. Carlow. The Barrow has
been designated as a valuable resource for waterside and waterborne
recreation (Delanty et al., 2017).

The River Barrow is designated as a special area of conservation
(SAC) under the EU Habitats Directive for the conservation of flora,
fauna, and habitats of European importance. Under the EU Water
Framework Directive (WFD) rivers are classified as either high, good,
moderate, poor, or bad Ecological Status depending on whether they
meet certain biological, chemical, and hydromorphological criteria (EPA,
2017). The sites in the lower half of the River Barrow catchment were
assigned good or high Ecological Status while sites in the upper catch-
ment were mainly classified as good or moderate Ecological Status. In the
most recent ecological assessment of the River Barrow and its tributaries
(2015–2018), just over 70% of surveyed sites on the main channel were
below good status (EPA, 2021).

Waste water discharges have been identified as the most significant
pressure on the Barrow by the Irish Environmental Protection Agency
(EPA), putting the environment and public health at risk (EPA, 2019,
2018). Wastewater inputs to the Barrow come from locations including
Laois – Portarlington (moderate status), Kildare – Athy (moderate status),
Carlow – Tullow, Carlow – Borris (poor status), Carlow – Bagenalstown
(poor), Kilkenny – Goresbridge (moderate status). These discharges are
likely to be major sources of MPs entering the river. Although the levels
of MPs are not among the chemical and physical parameters considered
in official water quality assessments, they have been shown to affect
biological parameters including algae and fish (Okubo et al., 2018;



Figure 1. Sampling locations along the River Barrow. Blue circles illustrate the sediment sampling sites. Red markers indicate the location of major urban wastewater
discharge points. Insert shows the location of the Barrow catchment on the island of Ireland.
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Pannetier et al., 2020; Savinelli et al., 2020), which are part of the WFD
assesment criteria. Therefore it is necessary to assess the abundance and
chemical nature of MPs in freshwater ecosystems in order to consider
their potential to cause harm to riverine ecology.

In August 2018 and July 2019, 5 to 10 kg river sediment samples were
collected in triplicate from sixteen locations along the River Barrow from a
10 cmdepth using aDutch auger (Figure 1; Table 2). The collected samples
were stored at 4 �C (to minimize biological activity which could affect the
subsequent separation/analysis) using pre-labelled 5–10 L high-density
polyethylene (HDPE) containers (Baptista et al., 2019; Sartain et al., 2018).
3

2.2. Contamination control

To mitigate sample contamination from synthetic clothing and
equipment used during processing, a strict procedure was followed to
avoid airborne contamination during the sediment sampling and trans-
port in the laboratory. Prior to sediment sampling, the equipment was
cleaned with Virkon™ (LANXESS Rely þ On) high level surface disin-
fectant and with deionised water. To prevent contamination, the lids of
the containers were checked for any loose material. The containers were
then rinsed with deionised water which was then filtered through



L. Murphy et al. Heliyon 8 (2022) e09853
Whatman Nº 4 filter paper. The filter paper was dried and examined
under a microscope for fibres and evidence of MP contamination. This
procedure did not indicate any sources of potential contamination. The
laboratory windows remained closed during the experiments. The labo-
ratory bench tops were cleaned four times with 70 % ethanol before the
sediment analysis. Hair was tied back, and 100 % cotton lab coat and
gloves were worn at all times. All apparatus was washedwith Virkon, and
materials were examined under a stereomicroscope, which was also
cleaned during the samples analysis to ensure that it was free of
contamination.

2.3. Preparation of brine solution for MP extraction from sediments

The density separation method described by Coppock et al. (2017),
Imhof et al. (2012), and Vermeiren et al. (2020) was used in this study to
extract MPs from sediment samples using brine solutions of various
densities. In contrast to most of the selected methods, the sediment
samples in this study were not dried because
high-organic-matter-content sediments dry into compacted agglomera-
tions which can impact the state of MPs within the samples (Vermeiren
et al., 2020). Sodium iodide (NaI), zinc chloride (ZnCl2), potassium hy-
droxide (KOH), and sodium chloride (NaCl) (Table 1) were used for the
recovery of MPs from River Barrow sediment samples.

2.4. Validation of density separation

The density separation technique has been applied in 65 % of the
studies for the recovery of MPs from sediments (Nakajima et al., 2019;
Quinn et al., 2017). NaCl has been the most commonly used in brine
solution for MPs density separation; it has been recommended for use by
the Marine Strategy Framework Directive (MSFD) Technical Subgroup on
Marine Litter, as NaCl is cheap, abundant, and environmentally benign.
However, due to the lower density of NaCl solutions the resulting re-
covery of denser polymers has been found to be limited (European
Commission, 2013). In this study a number of brine solutions were tri-
alled to identify which would give the highest recovery of MPs. NaCl was
prepared by dissolving 70 g in 200 mL deionised water (1.15 g cm�3). A
hydrometer was used to measure the density of brine solutions. 50 g of
sediment was spiked with 1.2001 g of MP particles and placed in a 250
mL glass beaker. A volume of 200 mL of the NaCl brine solution was
added to the beaker. The mixture was stirred using a metal spatula for 2
min and left to settle for 10 min to allow MPs flotation while sediment
particles sank. The suspension was filtered through Whatman Nº 4 filter
paper by vacuum filtration. Filter paper was placed on a watch glass,
dried at room temperature overnight and dried in an oven at 60 �C for 5
min. Once dried, an analytical balance was used to weigh the MPs and
percentage recovery was calculated. The amount of 1.1081g (92 %) of
MPs was recovered. This procedure was repeated with the other salts
(Table 1). ZnCl2 was selected and used throughout this work as it gave
the highest recovery (100 %) (Table 1). Microplastics percentage re-
covery was calculated using the equation:

MPs recovery ¼ Mass of recovered MPs � 100
Mass of spiked MPs
Table 1. Brine solutions of different densities used to recover microplastics from
sediment samples.

Salt Mass
(g)

Water
volume (mL)

Density
(g mL�1)

MPs
Recovery (%)

Sodium iodide (NaI) 140 200 1.5 99.8

Zinc chloride (ZnCl2) 300 200 1.7 100

Potassium hydroxide (KOH) 70 200 1.2 93.5

Sodium chloride (NaCl) 70 220 1.15 92
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2.5. Extraction and analysis of MPs from sediment samples

400mL of ZnCl2 (1.7 g mL�1) was added to 160 g of wet sediment and
stirred for 3 min using a metal spatula. The beaker containing the ZnCl2
solution was covered loosely with aluminum foil and left to settle for 2 h
at room temperature until the solution was clarified. The solution was
filtered throughWhatman Nº 4 filter paper by vacuum filtration to reduce
the risk of potential contamination from any microfibres from the labo-
ratory air. To avoid any impact from the heat on MPs (Vermeiren et al.,
2020), the filter paper was dried at room temperature overnight and then
dried in an oven at 60 �C for 5 min. The density separation using ZnCl2
solution was repeated twice for each sample to ensure full recovery of MP
particles. ZnCl2 solution was freshly prepared for each sample prior to
MPs extraction. The density of the solution was checked after the first
use. Forceps were used to transfer the recovered particles to a clean Petri
dish which was sealed with Parafilm. A stereomicroscope (Optica SZM-2)
was used to examine the filters with the recovered MP particles at total
magnifications ranging from 7X (minimum) to 45X (maximum) to
identify, quantify, and measure MPs using a ruler. Microplastic concen-
trations were expressed as number of particles kg�1 wet sediment.
Furthermore, MP particles were characterised using ATR-FTIR spectros-
copy. Spectra were collected from 4000 cm�1 to 500 cm�1 using a Perkin
Elmer Spectrum 65 FT-IR Spectrometer with a LiTa detector and a UATR
ZnSe crystal with a 3–4 mm aperture. A background scan was performed
between each sample after cleaning the ATR diamond crystal with 70 %
2-propanol. As recommended by Perkin Elmer, each sample was com-
pressed against the crystal to ensure good contact. Each spectrumwas the
average of 8 scans at 4 cm�1 resolution. Absorption bands were recorded
and compared to reference spectra of polymers obtained from Cospheric
(Cospheric, http://www.cospheric.com/); absorption bands have been
reported in the literature, such as by Hummel (2002), Jung et al. (2018),
and Tiwari et al. (2019). Each sampling site was analysed in triplicate
(160 g sediment/replicate).

A single factor one-way ANOVA analysis of the data showed signifi-
cant variation among the 16 sampling locations. The statistical analysis
was conducted using Microsoft Office Excel. Microplastics abundance in
River Barrow sediment samples were significantly different between sites
(Figure 3), one-way ANOVA (F ¼ 3.670, P ¼ 0.000299), with mean
abundance ranging from 1.5 particles kg�1 (BTC samples) to 38.75 par-
ticles kg�1 (GK samples).

3. Results

3.1. Abundance of MPs in River Barrow sediments

Results showed the ubiquitous presence of MPs along the entire
channel of the River Barrow as they were recovered from sediment
samples at all 16 sites (Figure 3). A total number of 690 MP fibres were
detected (see Table 2). Plastic fibres were the most common type of MPs
recovered followed by a small number of fragments detected from
Graiguenamanagh – Kilkenny (GK), and Milford – Carlow (MFC)
(Figure 2). Microplastic fibre abundance in the sediments ranged from 6
to 155 pieces per 160 g wet sediment samples. Microplastic fibres were
mostly red, blue, white, and black in colour. The blue fibres were found
in a higher number across all the samples, followed by the red and white
fibres. Black fibres were observed in lower number among all the sam-
pling locations (Table 3).

Sediment samples from GK (155 MP fibres kg�1) and Fisherstown –

Wexford (FTW) (124 MP fibres kg�1) presented the highest abundance of
MP fibres, followed by those from St. Mullin's – Carlow (SMC) (91 MP
fibres kg�1). The lowest number of MPs was observed in samples from
Bagenalstown – Carlow (BTC) (6 MP fibres kg�1) and Carlow Town –

Carlow (CTC) (7 MP fibres kg�1) (Figure 3; Table 2). The average
extraction rate was 172.5 � 116.0 MPs per Kg of sediment from the 16
locations. Despite the significant variation in MPs quantity and size from
different sites, particles less than 3 mm in size predominated in GK

http://www.cospheric.com/


Table 2. Abundance and sizes of microplastics found in samples from Irish river sediment samples (August 2017–2018).

Sampling locations'
coordinates

Sampling sites
and codes

Size
range (mm)

Total number of
MPs recovered

1 53�05031.400N7�31054.500W Slieve Blooms – Laois SBL <2 24

2 53�08058.000N 7�28053.900W Clarahill – Laois CHL <4 21

3 53�10055.300N 7�25026.400W Clonduff – Laois CDL <3 13

4 53�09049.800N 7�11021.100W Portarlington – Laois PL <3 16

5 53�08046.600N 7�04012.200W Monasterevin – Kildare MK <3 13

6 52�59046.300N 6�59008.500W Athy – Kildare AK <4 54

7 52�49058.500N 6�55030.000W Carlow town – Carlow CTC <2 7

8 52�48049.500N 6�57011.500W Mortarstown – Carlow MUC <3 33

9 52�48049.500N 6�57011.500W Dolmen Hotel – Carlow DHC <6 31

10 52�47004.700N 6�57060.000W Milford – Carlow MFC <4 15

11 52�42028.000N 6�57016.100W Bagenalstown – Carlow BTC <3 6

12 52�29026.900N 6�56005.200W St. Mullin's – Carlow SMC <6 91

13 52�37051.700N 6�59026.100W Goresbridge – Kilkenny GBK <4 9

14 52�32026.400N 6�56053.700W Graiguenamanagh – Kilkenny GK <3 155

15 52�18048.900N 6�59056.600W Fisherstown – Wexford FTW <6 124

16 52�16058.900N 6�59052.300W Great Island – Wexford GIW <4 78

Total 690

Figure 2. Microplastic particles recovered from the River Barrow sediment, ranging from 100 μm to 5 mm in size.

Table 3. Colours and types of microplastic fibres and fragments recovered from
sediment samples.

Number of
MP found

Polymer
colour

Polymer type Number of MP
identified by ATR-FTIR

198 Red Polyethylene 7

244 Blue Polypropylene 14

181 White Cellulose acetate 28

67 Black Polyethylene
terephthalate

4

Nylon 5

L. Murphy et al. Heliyon 8 (2022) e09853
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samples, and particles less than 6 mm were most dominant in FTW
(Table 2).

4. Discussion

To our knowledge this is the first study to evaluate the presence and
abundance of MPs in sediments from the River Barrow. The majority of
similar studies in relation to Irish freshwater have been focused on the
toxicity of MPs to freshwater organisms (Mateos-C�ardenas et al., 2021;
O'Connor et al., 2020).

All plastics found in the present study were classified as secondary
MPs, with no particle greater than 5mm in size. Most of the recovered
MPs from river sediment samples were fibres. The higher occurrence of



Figure 3. Abundance and colours of MP fibres found in River Barrow sediment
samples. Colours on figure represent the actual colour categories of recovered
MPs. Sampling sites: Slieve Blooms (SBL); Clarahill (CHL); Clonduff (CDL);
Portarlington (PL); Monasterevin (MK), Athy – Kildare (AK); Carlow town –

Carlow (CTC); Mortarstown – Carlow (MC); Dolmen Hotel – Carlow (DHC);
Milford – Carlow (MFC); Bagenalstown – Carlow (BTC), St. Mullin's – Carlow
(SMC); Goresbridge – Kilkenny (GBK); Graiguenamanagh – Kilkenny (GK);
Fisherstown – Wexford (FTW); and Greatisland – Wexford (GIW).

Table 4. Identification and characterization of microplastics obtained from river
sediment samples.

Location Sediment
description

Identified
particle number

Microplastics type

Clarahill – Laois Gravel 1 Polyethylene

1 Cellulose acetate

Clonduff – Laois Gravel 2 Cellulose acetate

Portarlington – Laois Gravel 13 Cellulose acetate

Athy – Kildare Sandy 3 Cellulose acetate

2 Polyethylene

4 Polypropylene

1 Polyethene
terephthalate

1 Nylon

Carlow town – Carlow Gravel 1 Polyethene
terephthalate

Dolmen Hotel – Carlow Sandy/Gravel 1 Nylon

Milford – Carlow Gravel 4 Cellulose acetate

1 Polyethylene

Bagenalstown – Carlow Gravel 1 Cellulose acetate

St. Mullin’s – Carlow Sandy 3 Polyethylene

1 Polyethene
terephthalate

2 Polypropylene

Graiguenamanagh –

Kilkenny
Silt 1 Nylon

4 Polypropylene

2 Cellulose acetate

Fisherstown – Wexford Sandy 1 Polypropylene

1 Polyethene
terephthalate

1 Nylon

1 Cellulose acetate

Great Island – Wexford Muddy 3 Polypropylene

1 Cellulose acetate

1 Nylon

Total 58

L. Murphy et al. Heliyon 8 (2022) e09853
plastic fibres is consistent with other studies showingMPs composition in
freshwater and marine environments to be dominated by fibres at 52%,
followed by fragments at 29% (Ballent et al., 2016; Burns and Boxall,
2018; Dodson et al., 2020; Nakajima et al., 2019; Shruti et al., 2019;
Turner et al., 2019).

Out of a total of 690 observed particles, ATR-FTIR was used to
identify 58 that were visible to the naked eye and transferable from the
filter paper under the microscope to a Petri dish for further analysis. This
represents a limitation on MP characterisation due to their size. Of the
identified MPs, seven were classified as polyethylene, 14 as poly-
propylene, 28 as cellulose acetate, four as polyethylene terephthalate,
and five as nylon (Table 4; Figure 4a– – j). Absorption bands were used to
identify polymers, as shown in Figure 4, and detailed in Table 5. Figure 4
(a) shows the spectrum of a recovered fibre with absorption bands that
match polyethylene (PE) with additional bands (1, 4, and 6, see Table 5).
The broad absorption band for hydroxyl (OH) at 3442 cm�1 (peak 1)
could suggest water absorption, C¼C stretch at 1619 cm�1 (peak 4) and
C–O stretch at 1057 cm�1 (peak 6) could potentially indicate PE degra-
dation due to oxidation induced by ultraviolet light after exposure to
various environment mechanisms. Similar findings on PE degradation
have been observed in recent studies (Castelvetro et al., 2021; Chamas
et al., 2020). Various additives can also contribute absorption peaks to
polymer spectra which are not explained by the polymer structure
(Mal�echaux et al., 2021).

This study confirmed the ubiquitous presence of MP fibres in all River
Barrow sediment samples, with fibres making up the majority of MPs
recovered. Similar studies have made similar observations based on
sediment analysis. Baptista et al. (2019); Dodson et al. (2020) and Ger-
olin et al. (2020) have also found MP fibres to be the most common type
of MPs in sediment samples. Microplastic particles were found in all
sampling sites in the present study. These fibres could originate from the
breakdown of larger plastic items such as plastic rope, fishing materials,
or clothing, hence considered as secondary MPs. Microfibres from syn-
thetic clothing have been proven to be one of the major sources of MPs in
the environment, released in discharges from municipal wastewater
treatment plants (Borges et al., 2019; Napper and Thompson, 2016).
Recent studies have also found synthetic clothing and fishing nets to be
the main source of MP fibres in the marine and freshwater environments
(De Falco et al., 2019; Yang et al., 2021).

In our study we found five polymers represented in MPs recovered
from river sediment, including PE, PET, PP, CA, and nylon. Cellulose
acetate fibres were the most abundant in all sediment samples, followed
6

by PP, PE nylon, and PET, all of which are widely used in the plastics
sector (de Haan et al., 2019). Other studies have reported polyethylene
and polypropylene as the main types of MPs in their sediment samples
(Claessens et al., 2011; Gimiliani et al., 2020; Pohl et al., 2020). Poly-
propylene polymers constituted 19.4 % of plastic by resin type in 2019
and are widely used in food packaging, snack and sweet wrappers, pipes,
hinged caps, etc. However, low and high-density polyethylene represents
29.8 % of plastic by resin type and is used in food packaging film,
reusable bags, trays, and agricultural films, toys, milk bottles, pipes etc.
Polyethylene terephthalate accounts for 7.9 % and is used in bottles for
soft drinks, juices, cleaners etc. (Plastics Europe, 2020). Cellulose acetate
is used in the manufacture of clothing and cigarettes. Nylon is commonly
found inmusical strings, rugs, textiles and rope (Zhu et al., 2019). A study
conducted by Corcoran et al. (2020) in the River Thames (Canada),
investigated MP abundance in freshwater river sediment. They found
MPs abundance ranging from 6 to 2444 particles per Kg of dry weight
sediment with fibres as the predominant MP morphology, and PE as the
most common polymer identified (Corcoran et al., 2020), which is higher
compared to our finding for the River Barrow.

Transport and deposition of MPs is affected by a number of variables.
These include geographical position, wind, currents, and streamflow rate
(Bellasi et al., 2020). Tibbetts et al. (2018) found that in the River Tame
(Birmingham, UK), variation in MP abundance was primarily driven by
flow velocities, with increased particle concentrations reported in areas of
decreased flow. The same study reported that MP concentrations in
freshwater sources were generally elevated in urban locations relative to
rural settings (Tibbetts et al., 2018). Rummel et al. (2017) have pointed



Figure 4. ATR-FTRI spectra of recovered MP fibre recovered from (a) Milford – Carlow corresponding to polyethylene (PE); (b) Athy – Kildare corresponding to PE; (c)
St. Mullin's – Carlow corresponding to polypropylene (PP); (d) Graiguenamanagh – Kilkenny Carlow corresponding to PP; (e) Graiguenamanagh – Kilkenny corre-
sponding to cellulose acetate (CA); (f) Great Island – Wexford corresponding to nylon; (g) Greatisland – Wexford corresponding to a mixture of PP and CA; (h) St.
Mullin’s – Carlow corresponding to PE; (i) Fisherstown – Wexford corresponding to PP and (j) Athy – Kildare corresponding to PET. Each polymer's distinctive ab-
sorption bands (cm�1) are represented by numbers. See Table 5 for an assignment of the peaks.
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out that biofilm formation on plastic debris has substantial and varying
implications for its transport/deposition potential. The accumulation of
fouling organisms such as diverse communities of bacteria, algae, pro-
tozoans, and fungi may lead to an increase in the density of MP particles
and a decrease in their buoyancy, leading to deposition. Conversely, the
buoyancy of particles that originally had a higher density than water may
increase as a result of biofouling, rendering such MPs more susceptible to
transport. Buoyancy can be increased if less dense biofilms form on a
dense material (since the average density of the particle is decreased).
Furthermore, biofilm formation increases the adhesiveness of MP parti-
cles, promoting the formation of heteroaggregates including MPs, mi-
crobial communities, organic detritus, and inorganic solids (Rummel
et al., 2017). Quantity and characteristics of suspended organic and
inorganic solids can also affect the transport and deposition of MPs by
providing greater or lesser opportunity for the formation of assemblages,
with potential density effects similar to those of biofilm formation. Tem-
poral variation in river flow rate and in local flow velocity, and turbulence
patterns in the immediate vicinity of sampling locations, represent addi-
tional complicating factors when assessing the origins and implications of
MP abundance at a given location. Hence, we limit our discussion to the
following observations and suggestions regarding the reasons for the
different MP abundances found in this study and shown in Figure 3.

There was an overall trend towards higher abundance of MPs in
sampling sites in the lower and tidal-influenced reaches of the River
Barrow, with the four highest MP numbers occurring within the five
sampling locations in the lower catchment areas. The exception among
these five locations, with much lower MP numbers, was the GBK site. At
this location the flow was relatively rapid with gravelly sediment, both
factors which are likely to favour transport rather than deposition of MPs.
The SMC and GK sites are popular amenity areas with recreational ac-
tivities including bathing, boating, kayaking, and fishing being likely
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local contributors to the high abundances of MPs in these locations. The
GK sampling location, which had the highest MP numbers, consisted of
fine sandy sediment, indicating a general tendency towards deposition at
this location as well as providing a benthic environment suitable to trap
and act as a sink for deposited MPs. The two sampling sites lowest in the
catchment had high abundance of MPs. Fisherstown – Wexford (FTW)
has a strong tidal influence and very fine silty/muddy sediment, which
again appears to represent a sink for MPs, with the second highest
number of MPs recovered from this location. Greatisland – Wexford
(GIW) is an estuarine location with likely marine influence on its high MP
abundance from sources such as fisheries, shipping, buoy mooring ropes
etc. in addition to inputs from the River Barrow itself.

The five uppermost sampling locations had relatively low MP abun-
dances, although the uppermost two locations, SBL and CHL, despite
being in upland areas with low population densities, had MP numbers
higher than the next three sampling locations. These include urban lo-
cations such as PL (Portarlington, population approx. 6000) and MK
(Mountmellick, population approx. 4000). In contrast, AK (Athy, popu-
lation approx. 8200) had the highest MP numbers outside of the lower
reaches of the river. Possible contributors to this high abundance include
relatively slow flow, turbid conditions, recreational activities, and gen-
eral plastic litter. Athy’s wastewater treatment plant discharges to the
River Barrow significantly downstream of the sampling location. Addi-
tionally, possible sources of MPs in upper catchment may include agri-
cultural materials such as fibres from baler twine (polypropylene),
fragments from agricultural film/sheeting – polyethylene), storage bags
and containers, plumbing components (PE, PP, PVC), as well as atmo-
spheric deposition of artificial textiles, and fragments from general litter
(Tian et al., 2022).

Moving downstream, the next sampling location was CTC (Carlow
Town, population approx. 20,600), which had one of the lowest MP



Table 5. ATR-FTIR peak data and assignments of the infrared absorption bands for identified polymers (Figure 4), based on Jung et al. (2018), Sathish et al. (2019) and
Tiwari et al. (2019).

Microplastic type and chemical structure Figures Absorption bands (cm�1) Assignment

1. Polyethylene (PE)

1a. MFC 1. 3442 O–H stretch

2. 2917 C–H stretch

3. 2848 C–H stretch

4. 1619 C¼C stretch

5. 1467 CH2 bend

6. 1057 C–O stretch

7. 717 CH2 rock

1b. AK 1. 3381 O–H stretch

2. 2917 C–H stretch

3. 2849 C–H stretch

4. 1628 C¼C stretch

5. 1476 C¼C stretch

6. 1467 CH2 bend

7. 1032 CH2 rock

8. 718 CH2 rock

2. Polypropylene (PP)

2a. SMC 1. 2950 C–H stretch

2. 2917 C–H stretch

3. 2838 C–H stretch

4. 1455 CH2 bend

5. 1376 CH3 bend

6. 1164 CH3 bend, C–C stretch

7. 973 CH3 rock, C–C stretch

8. 876 C–H bend

9. 713 CH2 rock

2b. GK 1. 2950 C–H stretch

2. 2917 C–H stretch

3. 2838 C–H stretch

4. 1455 CH2 bend

5. 1376 CH3 bend

6. 1166 CH3 bend

7. 1033 CH2 rock

8. 997 CH3 rock, CH2 rock

9. 972 CH3 rock, C–C stretch

10. 808 C–C stretch

3. Cellulose acetate

3a. GK 1. 3417 O–H stretch

2. 2931 O–H stretch

3. 1718 C¼O stretch

4. 1390 CH3 bend

5. 1257 C–O stretch

6. 1075 C–C stretch

7. 1065 C–C stretch

4. Nylon
3b. GIW 1. 3285 N–H stretch

2. 2931 C–H stretch

3. 2859 C–H stretch

4. 1629 C¼O stretch

5. 1538 N–H bend, C–N stretch

6. 1462 O–H bend

7. 1256 C–O stretch
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numbers with just 7 MPs recovered. This sampling location is again, up-
stream of the town’s wastewater treatment discharge. The following two
locations, MUC and DHC, are downstream of Carlow Town’s wastewater
discharge point and relatively high MP numbers of MPs (33 and 31
respectively) were recovered from these locations. The wastewater
discharge represents a plausible source of MPs in this stretch of the river,
however recreational activities such as rowing and fishing, as well as
general plastic litter, are also possible contributors. Wastewater dis-
charges are well established as sources of MPs (Tibbetts et al., 2018), and
the abundance of fibre morphology across all sampling locations, as
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represented in Figure 2, suggests that secondary MPs from clothing wear
via laundrywater discharges are likely to be significant contributors to the
overall MP abundance in many locations. Tibbetts et al. (2018) point out
that there is no simple relationship between MP numbers and population
density or proximity to wastewater treatment sites (Tibbetts et al., 2018).
In general, we observed that sampling locations with fine, silty, or muddy
sediments had higher abundances than locations with coarser sand or
gravelly sediments, and we suggest that these variations, as well as local
flow rates and flow patterns, are likely to be stronger determinants of MP
abundance at a given sampling site than the proximity to inputs.
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Due to their invisibility to the naked eye, the majority of MP particles
smaller than 0.5 mm in size were challenging for further analysis due to
difficulty in separating them from the filter paper under the microscope,
and also due to limitations on the methods available, which for the
current study do not include microspectroscopy. Studies by Pakhomova
et al. (2020) and Vermeiren et al. (2020) also encountered a similar issue
with samples containing MPs less than 1 mm in size. Further research
needs to be done on the recovery of MPs less than 1 mm for further
identification by infrared spectroscopy. Microplastics with a size of 1μm
in environmental samples can be detected, but due to methodological
limitations, few studies have identified particles less than 50 μm (Cam-
panale et al., 2020b). Primpke et al. (2020) identified some limitations
that can occur during sample analysis, where MP particles less than 1mm
are not easily visible to the naked eye. For this reason, only particles with
sizes of 1–5 mm were identified.

Our findings highlight the ubiquitous presence of MPs along the river
channel, including in areas of low population density. There is a clear
knowledge gap on the sources and fate of MPs entering the River Barrow.
Microplastics provide surfaces for microorganism colonisation, including
pathogens, in both marine and freshwater environments (Murphy et al.,
2020; Yang et al., 2020) and they may act as a ‘trap’ for the accumulation
of harmful organic chemicals such as pesticides, detergents, and phar-
maceuticals. Microplastics occurrence in River Barrow may have impacts
on aquatic organisms and potentially pose risk in humans via the food
chain (as the estuary into which the Barrow flows has a significant
shellfish industry). Therefore, limiting the use of non-biodegradable
plastics is important as little can be done to remediate MPs once they
are released into the environment.

5. Conclusions

Density separation using high density brine solutions such as NaI and
ZnCl2 were found to be successful with a higher recovery of MP fibres
from sediment samples compared to KOH, and NaCl. ZnCl2 (1.7 g cm�3)
gave the highest recovery of MPs and was chosen for the analysis of all
samples. This study provided evidence of the presence of MPs in Irish
freshwater sediments. By analysing sediment samples from 16 sites along
the River Barrow, the results revealed the ubiquitous nature of the MPs,
highlighting the extensive level of MP contamination in River Barrow. In
general, MPs were more abundant in the lower reaches and tidal-
influenced section of the River Barrow. Higher abundances were also
typically associated with locations in which sediments were fine, silty or
muddy rather than coarser sand or gravel, and these conditions appeared
to be more reliable predictors of abundance than was proximity to urban
centres or wastewater treatment discharges.

This study corroborates other international studies in terms of the
predominance of fibres as the main type of MPs in river sediments.
Improving wastewater treatment systems by (for example) adding a
filtration step prior to discharge, to filter out MP fibres beforehand, may
significantly reduce the quantity of MP entering rivers (Schell et al.,
2021). The findings of this study will inform future research and serve as
a platform for management efforts to better understand MP distribution
and fate in the River Barrow. Further studies are required to establish the
impact of MPs on the river ecosystem, and to better understand the
sources of MPs in Irish freshwater ecosystems in general. This study
contributes to the limited work on MPs characterisation and quantifica-
tion in Irish freshwater environments.
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