
1  

 

Title: Microplastic Distribution Around Polluting Sources in the Itchen 
Estuary, UK 

Author: Gersom Masengi 

Degree: MSc Marine Conservation, School of Biological and Marine Sciences 

Advisor: Dr. Gillian Glegg 

Partner: Caitlin Napleton 

Partner organization: Natural England 

Date: 12-09-2024 

 
 

 
 

 
 
 
 

 

 



2  

Copyright Statement 

This copy of the thesis has been supplied on condition that anyone who consults it is 

understood to recognise that its copyright rests with the author and that no quotation from the 

thesis and no information derived from it may be published without the author’s prior written 

consent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3  

Acknowledgements 

 

For my parents, Simson Masengi and Sri Wahyuningsih. Two amazing marine scientists in 

Ministry of Marine and Fisheries of Indonesia. Mom, Dad, you contributed a lot of patience, 

hard-work, love, and knowledge to me as a master student now in a Marine Conservation 

course, and for that I will always be thankful.  

 

My eternal gratitude to my supervisor, Dr. Gillian Glegg, for her unyielding support, guidance, 

and patience for me throughout the most difficult period of my theses.  

 

My eternal gratitude to my project partner, Caitlin Napleton, thank you for this opportunity 

and for being very patience during the sampling process, thank you. 

 

To my friends in Indonesia, my church friends Michelle and Natalia, my amazing and 

unbreakable vocal group DoreMIPA. Thank you for always reminding me of who I am and keep 

me grounded. Your calls and supports means a lot to me in my darkest times of adjusting 

myself in the UK.  

 

To my dear friends in class, thank you for sharing your knowledge and experiences. 

 



4  

 

Extensive Summary 

 

Microplastic pollution is a significant environmental concern due to its persistence and 

harmful effects on humans and marine ecosystems. While research on microplastics has 

progressed, limited studies have focused on their accumulation in sediment, particularly in the 

Itchen River. This study addresses this gap by analyzing the distribution and sources of 

microplastic pollution in sediment samples from five sites along the Itchen River and a control 

site in the Hamble River. Results revealed significant variation in microplastic abundance, with 

Weston Shore showing the highest levels (204 ± 53.8 particles/100g) and Hamble River the 

lowest (7.6 ± 2.5 particles/100g). Fibres were the dominant shape across all sites, likely 

originating from urban runoff, wastewater treatment plants, and road runoff. Statistical 

analyses, including T-tests, ANOVA, and Post-Hoc tests, showed significant differences in 

microplastic abundance between sites and shapes, highlighting the impact of industrial 

activities and urbanization. ATR-FTIR analysis identified polymers such as PVC, PP, and Nylon, 

suggesting pollution sources from shipping ports, plastic manufacturing, and recreational 

water activities within the river. 
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Impact Summary 

 

This project was conducted to investigate the distribution and sources of microplastic 

pollution in the Itchen River, a key waterway impacted by significant industrial and urban 

activities. The Itchen River was selected due to its proximity to various pollution sources, 

including shipping, boating, and urban runoff, which may contribute to the accumulation of 

microplastics—tiny plastic particles smaller than 5 mm that persist in the environment and 

pose a risk to marine ecosystems and human health. 

 

Microplastics are particularly concerning because they are hard to degrade and can 

accumulate in the food chain, threatening both marine life and humans. The Itchen River plays 

an important role in supporting Marine Protected Areas (MPAs) and a diverse range of marine 

species, making it highly sensitive to pollution. Despite global efforts to understand 

microplastic pollution, there has been limited research on its accumulation in sediments in this 

region, leaving a critical research gap. 

 

This project is significant for Natural England, the project partner, as it provides valuable 

insights into where and how microplastics accumulate in river sediments. The findings identify 

Weston Shore as a hotspot for microplastic accumulation, with fibres being the most common 

shape. These fibres, which are thin, thread-like microplastics often sourced from urban runoff, 

netting, and wastewater treatment plants, were found in high abundance across multiple 

sites, including the Hamble River control site. 

 

The data collected from this study will help Natural England better understand the impact of 

microplastic pollution on the river's ecosystems, particularly in Marine Protected Areas. This 

knowledge will support the development of effective conservation strategies aimed at 

reducing microplastic pollution. 

 

Moving forward, Natural England will use these findings to inform local authorities and 

stakeholders about the sources of microplastic pollution, leading to improved waste 

management practices and policy recommendations for the Itchen River area. 
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1. Introduction    

Microplastic pollution has emerged as a significant environmental concern, particularly 

within marine and estuarine ecosystems (Cole et al., 2011). Defined as synthetic particles 

smaller than 5 mm (Verschoor, 2015), microplastics originate from various sources, 

including the degradation of larger plastic debris and the direct release of microbeads from 

personal care products and industrial processes (Cole et al., 2011).  

Microplastics in aquatic environments are commonly categorized into four types: fibers, 

fragments, films, and pellets or granules, each with distinct physical characteristics and 

sources (Thompson et al., 2004). Fibers, often derived from synthetic textiles, are 

characterized by their elongated shape and are frequently found in wastewater effluent; 

fragments, typically resulting from the breakdown of larger plastic items, vary greatly in 

shape and size; films, usually thin and flexible, originate from plastic bags and wrappers; 

pellets, also known as nurdles, are small, spherical plastic pre-production materials used in 

manufacturing processes (Thompson et al., 2004).  
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Figure 1.1 Microplastic shapes found in marine environment, representing different shapes 

such as A) Pellets/Granules, B) Fragments, C) Films, and D) Fibers. (Cozar and Becker, 2017). 

 

The small size of microplastics allows them to be easily ingested by marine organisms, 

leading to potential physical and chemical impacts that threaten biodiversity and ecosystem 

health (Wright et al., 2013). Microplastics primarily consist of synthetic polymers such as 

polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET), polyvinyl chloride 

(PVC), polystyrene (PS), and polyamide (nylon), each varying in chemical composition, 

durability, and environmental impact (Andrady, 2011; Cole et al., 2011; Geyer et al., 2017).  
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Table 1.1 Chemical contents of microplastics, highlights the different sources of microplastics 
and their distinct characteristics (Andrady, 2011; Cole, 2011; Geyer, 2017). 

Chemical 
Content 

Source Characteristics 

Polyethylene 
(PE) 

Plastic bags, bottles, 
packaging 

Lightweight, durable, 
resistant to moisture and 

chemicals. 
Polypropylene 

(PP) 
Bottle caps, food 

containers 
Tough, resistant to fatigue, 

and has a low density. 
Polyethylene 

Terephthalate 
(PET) 

Beverage bottles, 
clothing (fleece) 

Strong, lightweight, and 
commonly used in fibers and 

textiles. 

Polyvinyl 
Chloride (PVC) 

Pipes, cable 
insulation, medical 

equipment 

Flexible or rigid, resistant to 
chemicals and weathering. 

Polystyrene (PS) 
Disposable cutlery, 

packaging foam 
Rigid or foam, brittle, low 

thermal conductivity. 
Polyamide 

(Nylon) 
Textiles, fishing nets 

High strength, resistant to 
abrasion, used in fibers. 

Polyurethane 
(PU) 

Foam cushions, 
insulation materials 

Flexible, durable, used in 
foams and coatings. 

 

Estuarine systems, which act as transitional zones between freshwater and marine 

environments, are particularly vulnerable to microplastic contamination (Browne et al., 

2010). Estuarine areas often receive inputs from both terrestrial and marine sources, 

leading to a complex distribution of pollutants (Browne et al., 2010). The River Itchen in 

Southampton is a vital waterway facing significant ecological challenges due to the 

extensive industrial and urban activities along its banks (Bunday, 2023). As a major 

industrial hub, Southampton contributes considerable amounts of pollutants, including 

microplastics, to the Itchen, which then flow into the Solent (Bunday, 2023). This is 

particularly concerning given the river’s role in supporting several Sites of Special Scientific 

Interest (SSSI) and Special Areas of Conservation (SAC) (Bunday, 2023). Urgent action is 

needed to mitigate the impact of microplastics, which threaten the health and resilience of 
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this ecologically significant river (Bunday, 2023).  

Sediment types are crucial in understanding sediment dynamics and microplastic 

accumulation in aquatic environments (Blott & Pye, 2001). Visual classification, though 

qualitative in sediment samples, can provide a general understanding of sediment types 

(Blott & Pye, 2001). Clay and silt, being the finest particles, tend to settle in low-energy 

environments like mudflats, where they can trap higher concentrations of microplastics due 

to their low permeability and high surface area (Syvitski et al., 2003). Sand and gravel, found 

in higher energy environments, are more permeable and less likely to retain fine particles 

like microplastics (Frias et al., 2018). Understanding these classifications helps in predicting 

sediment behavior and microplastic distribution, making it essential for environmental 

assessments (Frias et al., 2018).  

Several studies have looked at microplastics in the Solent region, including work by 

Gallagher et al. (2016), who measured microplastics in the Solent estuarine complex, 

covering the River Itchen, River Test, River Hamble, and River Southampton (Gallagher et 

al., 2016). Their research found that microplastics were present in large amounts, especially 

in the River Itchen, which had the most microplastics compared to the other locations 

(Gallagher et al., 2016). This indicates that most of the microplastics likely come from the 

estuary itself and nearby sources like wastewater treatment plants and businesses that 

release plastic waste (Gallagher et al., 2016).  

Anderson et al. (2018) did a microplastic study on its accumulation in the marine surface 

layer Hamble estuaries within the Solent, which are considered as pristine estuarine 

systems (Anderson et al. 2018). Results indicate the presence of microplastics, primarily 

fibers, in the Hamble estuary, with 36 fibers/L detected (Anderson et al., 2018.   



11  

Plastic pollution in the Itchen Estuary is being studied in collaboration with The Environment 

Agency, Southampton City Council, and Natural England to prevent further pollution 

(Environment Agency, 2023). The feasibility study indicates higher concentrations of 

microplastic pollution in the Itchen Estuary compared to other areas of the river and the 

broader Solent estuarine complex (Environment Agency, 2023) In early 2023, a cleanup 

event at Chessel Bay resulted in the removal of approximately 4 tonnes of plastic 

(Environment Agency, 2023).   

The 'Microplastic Distribution Around Polluting Sources in the Itchen Estuary, UK' study aims 

to examine microplastic distribution along the River Itchen via sediment sampling—a 

current gap in research—using the River Hamble as a control site. This study will provide up-

to-date data on microplastic abundance in the Itchen River and assess the impact of the 

2023 cleanup event in Chessel Bay. Specifically, it focuses on the River Itchen to assess 

microplastic distribution, identify areas of high microplastic input or accumulation, and 

evaluate the effectiveness of cleanup efforts. The study aims to: (1) determine the 

distribution of microplastics in an estuary with extensive industrial areas, (2) identify areas 

of high microplastic input or accretion, and (3) map the study area. The findings aim to 

provide current microplastic data, inform conservation strategies, and potentially offer 

recommendations for enhanced regulatory enforcement within the estuary. The objectives 

are: 

1. To collect and analyze sediment samples from various points along the River Itchen, to 

assess microplastic abundance.  

2. To classify microplastics found in the samples based on shape, size, and polymer type, 

using visual inspection and advanced analytical methods such as ATR-FTIR. 
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3. To statistically compare microplastic abundance across different sites to identify areas 

of high microplastic input or accumulation. 

4. To map the distribution of microplastics  

5. To evaluate potential sources of microplastic pollution, including urban runoff, 

wastewater treatment plants, and industrial activities within the estuary. 
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2. Methods 

This study was conducted in the River Itchen, Solent Estuary, from 20 to 22 May 2024, focusing 

on sediment rather than water column sampling as in previous studies by Gallagher et al. 

(2016). It involved a spatial analysis across six sites—five along the River Itchen and one in the 

River Hamble serving as a control—to comprehensively assess microplastic abundance. Unlike 

the method used by Gallagher et al. (2016), which involved collecting samples from the water 

column, this research targeted sediment samples to provide a different perspective on 

microplastic distribution.  

  

 

  

 

 

 

 

 

 

 

Figure 2.1 Map of the sampling areas. 

  

 

Sediment samples were collected during neap tide using a shovel and stored in 250 mL glass 

jars, then transported in containers (Frias et al., 2018). Three jars were sampled from each site 

to ensure representative microplastic analysis. This method allows for consistent vertical and 

Site 1 Riverside Sports 
Field 
Site 2 Riverside Park 
Site 3 Chessel Bay 
Site 4 Weston Shore 
Site 5 Water Activity 
Center 
Site 5 Hamble River 
    Sampling Location 
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horizontal microplastic distribution assessment, enabling comparison with other studies (Frias 

et al., 2018).  

 

Neap tide and spring tide are also critical factors in conducting microplastic research in 

estuarine areas, as tidal variations significantly influence sediment deposition and microplastic 

distribution (Artal et al., 2019). Sediment samples taken during neap tides are advantageous 

for assessing the baseline levels of microplastics in a more stable environment, minimizing the 

influence of recent redistribution (Nascimento et al., 2021). After collection, samples were 

transported to the University of Plymouth laboratory for detailed identification and analysis.     

  

Once in the laboratory, sediment samples were stored in labeled aluminum trays and each 

sample was weighed at 100 grams and dried in an oven at 80°C until a constant weight was 

achieved (Courtene-Jones et al., 2020). The dried samples were then transferred to a 1L glass 

beaker and mixed with 100 mL of 6%-10% H2O2 solution for 60 seconds to separate organic 

matter, followed by an 18-hour rest period (Frias et al., 2018). Next, the samples were mixed 

with a sodium chloride solution (36.5 grams in 100 mL of water) and stirred for 2 minutes to 

float microplastics to the surface, leveraging the cost-effective and environmentally friendly 

nature of the solution (Courtene-Jones et al., 2020). The sediment solution was then filtered 

using a vacuum filter and a 1 mm x 1 mm gridded Whatman filter paper for further 

microscopic analysis to isolate microplastics for further microscopic analysis (Frias et al., 

2018).  

 

Microplastic identification was conducted using a stereoscopic microscope to assess sizes, 

shapes, and colors (Lusher et al., 2020; Malafaia et al., 2022). Microplastics were classified by 
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shape—pellets, fibers, fragments, and films—and by size into large (1 mm–<5 mm) and small 

(<1 mm) categories (Frias et al., 2018). Statistical analysis involved a T-test to assess significant 

differences in microplastic abundance between sampling sites (Lindeque et al., 2020) and a 

one-way ANOVA to compare differences in microplastic shapes across all sites (Sluka, 2018). T-

test with Null Hypothesis (H₀) assumes there is no significant difference or effect and 

alternative Hypothesis (H₁) assumes there is a significant difference or effect (Balthazar-Silva et 

al., 2020). The ANOVA was followed by a post hoc test to identify specific site pairs with 

significant differences in microplastic shape abundance (Sluka, 2018). One-Way Anova with H₀ 

means no significant differences between microplastic shapes abundance across the sites and 

H₁ means there is a significant difference between the microplastic shape abundance (Sluka, 

2018). Post Hoc Test with H₀ means no significant difference in specific site pairs in 

microplastic shape abundance and H₁ means there is a difference between the specific site 

pairs (Sluka, 2018).  

 

After microplastic identification under the microscope, ATR-FTIR (Attenuated Total 

Reflectance Fourier Transform Infrared Spectroscopy) analysis was conducted to determine 

the polymer types of the microplastic samples (Primpke et al., 2017). ATR-FTIR is a technique 

that identifies chemical compositions by measuring the infrared spectrum absorbed by the 

sample, which provides a distinct molecular fingerprint for each polymer (Primpke et al., 

2017).  

 

For this study, 12 microplastic samples were selected based on their range of size, shape, and 

color, representing the diversity of particles found across the six sites, and were then analyzed 

using ATR-FTIR in the University of Plymouth’s Davy Building, where the ATR-FTIR instrument 
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was set up using OPUS software (Shim et al., 2017). The ATR-FTIR instrument was thoroughly 

cleaned to prevent contamination and each microplastic sample was then placed on the 

diamond, and the spectrum was recorded, generating a graph in the OPUS software (Shim et 

al., 2017). The resulting spectra were matched with the software’s database to identify the 

polymer types (Shim et al., 2017).   
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3. Results 
 

3.1 Characterisation of Sites or Sediment 

 
Sediment samples collected from the six sites along the Itchen River were visually examined to 

determine their sediment types. Based on these inspections, Site 1, Site 3, and Site 4 were 

predominantly composed of silt, while Site 2 consisted of clay. Site 5 and Site 6 was a mixture 

of silty clay. These classifications were made through visual observation. While no formal 

particle size analysis was conducted, the observed sediment types align with general sediment 

characteristics commonly found in estuarine environments as described in the literature for 

the Itchen River (Blott & Pye, 2001).  

 
Table 3.1.1 Sediment pictures from 5 sites of Itchen River and 1 site from River Hamble as a 

control site, each categorized by different physical characteristics and visual inspection. 

 

Sites  Figures  Sediment 
Description  

  
  
  
  
  
Site 1- Riverside 
sports field  

           
  

Sediment samples, 
generally described 
as fine-grained silt 
based on visual 
inspection, were 
collected by digging 
into the surface layer 
with a shovel.  

  
  
  
  
  
Site 2  
Riverside Park  

        
   

Sediment samples, 
generally described 
as clay based on 
visual inspection, 
were collected by 
digging into the 
surface layer with a 
shovel.  
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Continuation of table with sediment images 

Sites  Figures  Sediment 
Description  

  
  
  
  
  
  
Site 3 – Chessel Bay 

     

Sediment samples, 
generally described 
as silt based on visual 
inspection, were 
collected by digging 
into the surface layer 
with a shovel.  

  
  
  
  
  
  
Site 4 – Water 
activity centre 

     

Sediment samples, 
generally described 
as silt based on visual 
inspection, were 
collected by digging 
into the surface layer 
with a shovel.  
  

  
  
  
  
Site 5 – Weston 
shore  

     

Sediment samples, 
generally described 
as silty clay based on 
visual inspection, 
were collected by 
digging into the 
surface layer with a 
shovel.    

  
  
  
  
  
Site 6  
Hamble River  

    

Sediment samples, 
generally described 
as silty clay based on 
visual inspection, 
were collected by 
digging into the 
surface layer with a 
shovel.  
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3.2 Microplastic Abundance 

Microplastic abundance was summarized in a table, detailing three sample categories: sites, 

microplastic shapes (fibers, fragments, films, granules/pellets), and total/100 g (mean + SD). 

 

Table 3.2.1 Microplastic Abundance  

Sites 
Microplastic Shapes (mean + SD) Total /100 g 

(mean + SD) Fragments Films Fibers Pellets 

Riverside 
Sportsfield 

9.6 + 6.8 6.0 + 4.5 10.3 + 1.5 0 26.0 + 9.5 

Riverside Park 12.6 + 6.6 8.3 + 4.7 14 + 1 0 35.0 + 11.2 

Chessel Bay 32.3 + 6.4 
17.6 + 
16.4 

55.3 + 5.6 0.6 + 0.5 106 + 7.2 

Water Activity 
Center 

52.3 + 10.7 26 + 4.3 72.6 + 16.5 0.3 + 0.5 151.3 + 20.6 

Weston Shore 49.3 + 19.5 19.6 + 4.3 134.3 + 45.2 0.6 + 0.5 204 + 53.8 

Hamble 0 0 7.6 + 2.5 0 7.6 + 2.5 

 

In Riverside Sportsfield, fibers showed the highest abundance (10.3 ± 1.5), while pellets were 

absent (0). Similarly, Riverside Park was dominated by fibers (14 ± 1), with no pellets found. At 

Chessel Bay, fibers were again the most abundant (55.3 ± 5.6), while pellets were present but 

minimal (0.6 ± 0.5). Water Activity Center showed a high concentration of fibers (72.6 ± 16.5) and 

the lowest pellet count (0.3 ± 0.5). Weston Shore exhibited the highest fiber abundance among all 

sites (134.3 ± 45.2) with pellets being minimal (0.6 ± 0.5). At the control site in Hamble River, only 

fibers were detected (7.6 ± 2.5). 

Although not shown in the table, the range of microplastic abundance across the three samples 

collected from each site reveals additional variability in the data. In Riverside Sportsfield, the total 

microplastic abundance ranged from 15—32 particles among the three samples, indicating 

moderate variability within this site. Riverside Park showed a range of 22—42 particles, while 

Chessel Bay had a tighter range between 98—112 particles, reflecting less variability compared to 

other sites. Water Activity Center had a slightly wider range, from 137—175 particles, showing 

more variation within this site. Weston Shore exhibited the largest range of all, with microplastic 

abundance varying between 154—261 particles, indicating significant differences between samples 

collected within the same location. Finally, Hamble River, the control site, had the lowest and 

moderate range, between 5—10 particles.  
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3.3 Microplastic Colors and Sizes 

Microplastic colors were categorized and represented in a graph to show the variety of colors 

found and their abundance across different microplastic shapes. The identified colors include 

black, white/transparent, blue, yellow, purple, and opaque microplastics. Opaque microplastics 

are those that are neither transparent nor translucent and have solid colors, often falling into 

broad categories such as beige, brown, or grey (Rose et al., 2023). Below is the graph showing the 

color distribution and abundance for each microplastic shape. 

 

 

Graph 3.3.1. Colors of fibre microplastic found across all sites. 

 

As shown in the graph, microplastic fibres exhibit the highest abundance of black fibers, with Site 

5 recording the largest number at 250 black fibres. The lowest number of black fibres was found 

in Site 6, with just 12 fibres. Other colors were also present, including white/transparent, which 

peaked at 120 fibres in Site 5, and yellow, observed in Sites 2, 3, 4, and 5, with the highest count 

of 33 fibres.
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Graph 3.3.2 Colors of fragment microplastic found across all sites. 

 

As shown in the graph, microplastic fragments are most abundant in black, with Site 4 recording 

the highest number at 60 black fragments. The lowest counts of black fragments were found in 

Sites 1 and 2, each with 7 fragments. Other colors were also detected, including white (highest at 

38 fragments), blue in Sites 1, 2, 3, 4, and 5 (highest at 45 fragments), purple in Site 4 (highest at 5 

fragments), and opaque in Sites 1, 2, 4, and 5 (highest at 30 fragments). 
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Graph 3.3.3 Colors of film microplastic found across all sites 

 

As shown in the graph, microplastic films are most abundant in the white/transparent color, with 

Site 4 having the highest number at 43 white/transparent films. The lowest count was recorded in 

Site 1, with 5 white/transparent films. Other colors were also present, including blue in Sites 1, 2, 

3, 4, and 5 (highest at 43 films), and opaque films in all sites (highest at 29 films). 
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Graph 3.3.4 Colors of pellet microplastic found across all sites. 

 

As shown in the graph, microplastic pellets are most abundant in the blue color, with Site 3 having 

the highest number at 2 blue pellets. The lowest count was found in Sites 4 and 5, each with 1 

blue pellet. Additionally, white/transparent pellets were found in Site 5, with a maximum count of 

1 pellet. 

 

For microplastic sizes, particles < 5 mm were the most abundant, with a total of 912 particles. In 

comparison, particles < 1 mm were less dominant, totaling 678 particles. The highest count of < 5 

mm microplastics was recorded at Site 5 with 335 particles, while the lowest was found at Site 6 

with 13 particles. Similarly, the largest number of < 1 mm microplastics was also observed at Site 

5 with 277 particles, and the lowest at Site 6 with 10 particles. Full details on microplastic 

abundance, color, and size are provided in the appendices. 
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3.4 Statistical Test of Microplastic Abundance 

Statistical tests, including T-tests and One-Way ANOVA followed by a Post Hoc test, were used to 

assess differences in microplastic abundance between sites. The T-test results, shown in the table 

below, indicate significance levels. A p-value higher than 0.05 means no statistically significant 

difference (null hypothesis accepted), a p-value below 0.05 indicates a highly significant 

difference (null hypothesis rejected). These sites, showing highly significant differences, are 

marked in pink. 

 

Table 3.4.1 T-Test shows the t-statistic and p-values for the pairwise comparison of microplastic 

abundance between different sites along the Itchen River. The t-statistic represents the ratio of the 

difference between two site means to the variability within the data. The p-value assesses the 

statistical significance of this difference. 

 

 

T-Test 

Site Pair t-statistic p-value 

Riverside Sportsfield vs Riverside Park -1.164 0.299 

Riverside Sportsfield vs Chessel Bay -6.253 0.002 

Riverside Sportsfield vs Water Activity Center -9.581 <0.001 

Riverside Sportsfield vs Weston Shore -7.781 0.001 

Riverside Sportsfield vs Hamble (Control) 5.146 0.007 

Riverside Park vs Chessel Bay -4.648 0.004 

Riverside Park vs Water Activity Center -6.831 0.002 

Riverside Park vs Weston Shore -5.751 0.003 

Riverside Park vs Hamble (Control) 6.107 0.002 

Chessel Bay vs Water Activity Center 

 

-2.317 

 

0.082 
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Chessel Bay vs Weston Shore -2.739 0.056 

                      Chessel Bay vs Hamble (Control) 12.432 <0.001 

Water Activity Center vs Weston Shore -1.671 0.161 

Water Activity Center vs Hamble (Control) 14.704 <0.001 

Weston Shore vs Hamble (Control) 9.863 <0.001 

 

The One-Way ANOVA test yielded an F-value of 6.96, df1 = 3, df2 = 8.34, and a p-value of 0.012. In 

the Post Hoc test, the mean differences and p-values were: fragments vs. films (39.3, p = 0.842), 

fibers vs. fragments (–69.0, p = 0.487), fibers vs. films (–108.3, p = 0.139), pellets vs. fragments 

(77.3, p = 0.390), pellets vs. films (38.0, p = 0.855), and pellets vs. fibers (146.3, p = 0.029). 
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Figure 3.4.1 The results of the One-Way ANOVA and Post Hoc tests conducted to assess 

differences in microplastic abundance across different shape categories (fragments, fibers, films, 

and pellets). In One-Way Anova,  F-value represents the ratio of the variance between the group 

means to the variance within the groups, df1 (Degrees of Freedom Between Groups) associated 

with the numerator (between-group variance; df1 = 3 indicates that there are 4 groups 

(fragments, fibers, films, pellets), since 3+1=4.), df2 (Degrees of Freedom Within Groups) 

associated with the denominator (within-group variance), p-value indicates the probability of 

obtaining test results at least as extreme as the ones observed, assuming the null hypothesis is 

true. In Post-Hoc, p-value indicates whether the mean difference between two groups is 

statistically significant (Jamovi, 2024).  

 

3.5 ATR-FTIR Results 

ATR-FTIR analysis revealed the chemical composition of different microplastic types across all 

sites. At Site 1, an opaque film (< 5 mm) and a black fiber (< 1 mm) were identified as 

polypropylene copolymer (PP-C) and polyester fiber, respectively. Site 2 contained a black fiber (< 

5 mm) and a white/transparent film (< 5 mm), detected as polyester fiber and polypropylene. At 

Site 3, a yellow fragment (< 5 mm) and a blue pellet (< 5 mm) were identified as polypropylene 

and low-density polyethylene (PE LD). Site 4 showed an opaque fragment (< 5 mm) and a blue 

fragment (< 5 mm) identified as PVC and PP-C. Site 5 revealed a yellow fiber (< 1 mm) and a 

white/transparent fragment (< 5 mm), identified as nylon fiber and high-density polyethylene (PE 

HD). Lastly, Site 6 contained black and white/transparent fibers (both < 5 mm), both identified as 

polyethyleneterephthalate (PET). 
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Table 3.5.1 ATR-FTIR Results. 

ATR-FTIR Result  Search Library 

  

   

  

  

  

  

PP-C Opaque Film 

Polyester Black Fiber 
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Polyester Black Fiber 

PP Transparent Film 
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PP Yellow Fragment 

PE-LD Blue Pellet 
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PVC Opaque Fragment 

PP-C Blue Fragment 
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Nylon Yellow Fiber 

PE HD White/Transparent Fragment 
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PET Black Fiber 

PET White/Transparent Fiber 
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3.6 Mapping of Microplastic Distribution 

Microplastic distribution is illustrated in a single map, showing the mean particle count per 100 

grams of sediment and highlighting the most abundant shape at each site. The pattern is 

consistent across all sites, with black fibers dominating. However, the results for other shapes, 

colors, and polymers are detailed in the previous results chapters. Below is the map: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6.1 Map illustrating the abundance of microplastics and the most prevalent microplastic 
shape at each site. The size of the black circles represents the microplastic count, with larger circles 
indicating higher abundance. 

 

 

 

 

 

 



34  

4. Discussion 

 

This study aimed to assess the distribution of microplastics in the River Itchen estuary and identify 

areas with high microplastic input. The results indicate significant variations, with Site 5 (Weston 

Shore) showing the highest average microplastic abundance (204 particles/100g), followed by Sites 

4, 3, 2, 1, and finally Site 6 (Hamble River) with the lowest abundance. The lower parts of the Itchen 

River, particularly Site 4 (Water Activity Center) and Site 5 (Weston Shore) that shows the presence 

of fragments, films, fibers, and pellets, are near heavy industrial and human activities, such as 

marinas, wharves, and water sports centers (Bunday, 2023). These findings align with Gallagher et 

al. (2016), who reported higher microplastic levels near potential sources, including wastewater 

treatment plants and plastic manufacturing facilities (Gallagher et al., 2016). Polymers such as PVC, 

PP-C, Nylon, and PE-HD were found at Sites 4 and 5, aligning with potential sources around the 

Itchen River (Gallagher et al. 2016). PVC microplastics may originate from pipes, PP-C from ropes, 

netting, and various marine equipment, all potentially linked to marinas, boatyards, and industrial 

activities in the lower reaches of the river (Gasperi et al., 2014; Li Liu and Paul Chen, 2018; Zhang, 

2017; Zhao et al., 2014). Nylon microplastics in urban environments are commonly linked to 

sources such as textiles, fishing gear, and industrial materials around the river (Dris et al., 2015; 

Rochman et al., 2013). Similarly, PE-HD microplastics from packaging and industrial waste can also 

be present in these areas (Kershaw, 2015). 

 

In contrast, the Hamble River (Site 6, control) exhibited a significantly lower microplastic 

abundance, averaging 7.6 particles/100g. The T-test comparison between Weston Shore, the 

highest site, and Hamble River yielded a low p-value (< 0.001), indicating a highly significant 

difference in microplastic abundance. This underscores the much lower pollution levels in the 
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Hamble River compared to the other sites (Gallagher et al., 2016). The greater pollution in the 

Itchen River is likely attributed to multiple sources, including wastewater treatment plants, 

shipping, port activities, marinas, street debris, and scrap yards (Gallagher et al., 2016). By contrast, 

the Hamble River, located in a more rural setting, lacks these industrial and port activities 

(Gallagher et al., 2016). 

Site 3 (Chessel Bay) exhibited a notable number of microplastics, averaging 106 particles per 100 

grams of sediment. Although this is significant, it is lower than the microplastic. than the 

concentrations observed at Weston Shore and the Water Activity Center. Moreover, this figure 

represents a decrease compared to the study by Rose et al. (2023), which recorded an average of 

around 300 particles per 100 grams of sediment in surface samples from the same area, with a 

total of 7,742 particles identified in both surface and subsurface samples (Rose et al. 2023) . 

My results suggest that the decrease in the average number of microplastics, especially pellets 

(with only two found across all samples), may indicate that the recent cleanup effort—which 

removed 4 tonnes of plastic and 1 tonne of pellets (equivalent to roughly 50 million individual 

pellets)—that has contributed to reducing microplastic pollution (Gallagher et al., 2016). However, 

further actions are necessary, as my findings still revealed the presence of microplastics, 

predominantly fibers, fragments, and films, in the intertidal area. Additionally, evidence of ongoing 

plastic pollution near the intertidal sediment areas is still evident, as shown in the figure below. 
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Figure 4.1. Evidence of plastic pollution near the intertidal areas of Chessel 

Bay: 1) Pellets or Nurdles – Small, colored microplastic pellets used in the 

manufacturing of plastic products (Thompson et al., 2004); 2) Fibers – 

Potential remnants from fishing nets, synthetic clothing, or ropes that can 

degrade into microplastic fibers (Thompson et al., 2004), 3) Film or 

Fragment Plastics – Likely plastic films or fragments, often made of low-

density polyethylene (LDPE), which can break into smaller pieces and persist 

in the environment for extended periods (Thompson et al., 2004). 

 

The p-value in the T-Test between Chessel Bay and Sites 4 and 5 indicated 

no significant difference, reflecting the similarities in the busy industrial 

areas along the lower parts of the Itchen (Gallagher et al., 2016). The 

presence of LDPE polymer at these sites is likely attributed to nearby 

polyethylene companies, which are key sources of polyethylene pollution in 

Chessel Bay (Gallagher et al., 2016). 

 

For Site 1 (Riverside Sports Field) and Site 2 (Riverside Park), the results 

indicate low microplastic abundance, with Site 1 containing an average of 

26 particles per 100 grams of sediment and Site 2 with 35 particles per 100 

grams. This may be attributed to Site 1 being located in a less industrialized 

area of the Itchen River, though still influenced by water activities such as 

paddle sports and rowing clubs (Bunday, 2023) as well as sailing activities in 

Site 2 (Bunday, 2023). 

 

Regarding microplastic classification, fibers were found in all sites along 

both the Itchen and Hamble Rivers, representing the dominant microplastic 

shape. This can be explained by the lightweight nature of fibers, which 

allows them to be easily transported by water currents and settle in 

sediments more readily than other microplastic shapes (Peng et al., 2018). 

The primary source of these fibers is likely synthetic clothing and textiles 

(Thompson et al., 2004). This observation aligns with Bunday's (2023) 

findings that urban areas, including sewage and wastewater treatment 

plants, as well as road runoff in the Itchen River, have contributed to 

pollutants such as persistent synthetic materials (Bunday, 2023). PET, found 

in fibres in the Hamble River, likely originates from plastic bottles in the 
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area, carried by urban runoff (Duis and Coors, 2016). This aligns with the 

findings of Gallagher et al. (2016), who also identified PET microplastics 

around the Hamble River (Gallagher et al., 2016). 

 

Microplastic fragments were also present at most sites, including Sites 1, 2, 

3, 4, and 5 along the Itchen River. Although data on fragment accumulation 

in the Itchen River is limited, research suggests that microplastic fragments, 

originating from the breakdown of larger plastic debris, are a common form 

of microplastic in marine sediments (Thompson et al., 2004).  

 

Microplastic films were present in Sites 1, 2, 3, 4, and 5. Their thin and 

flexible structure makes them sensitive to fragmentation due to mechanical 

action (e.g., wave action or abrasion) and UV degradation (Frias & Nash, 

2019). Polymers like PP in films microplastic, commonly used in packaging 

materials such as plastic bags, food containers, and bottle caps, are likely 

introduced through urban runoff and litter around the Itchen area, making 

it a key source of PP accumulation (Andrady, 2011; Cole, 2011; Geyer, 2017; 

Bunday, 2023). 

 

The p-value of 0.012 from the ANOVA test indicates a statistically significant 

difference in the abundance of microplastic shapes (fragments, fibres, films, 

and pellets) among the sites. Notably, the post-hoc test comparing fibres 

and pellets resulted in the lowest p-value of 0.029, suggesting the most 

statistically significant difference in the abundance of these two shapes. 

This variation can be attributed to differing sources of industrial activities 

around the sites, as well as the distinct characteristics of these microplastic 

shapes in the sediment, as discussed in previous paragraphs (Gallagher et 

al., 2016; Bunday, 2023). 

 

The dominance of black and white/transparent microplastics across all sites 

could result from decolorization due to UV-induced photodegradation, 

which reduces the original color (Andrady, 2011). Additionally, physical 
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abrasion from water currents, waves, and sand erodes the outer plastic 

layers, and sediment staining may give microplastics a darker appearance 

(Andrady, 2011). The higher abundance of microplastics < 5 mm compared 

to smaller particles may be due to their larger size, making them heavier 

and less buoyant, which causes them to settle more easily in sediments. In 

contrast, smaller particles are more readily transported by water currents 

(Corcoran et al., 2015). 
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5. Conclusion and Recommendations 

The results of this study reveal significant variation in the distribution and 

abundance of microplastics between the Itchen River and the Hamble River 

(control), with Weston Shore showing the highest abundance  and Hamble 

River the lowest in sediment samples. Fibres were the dominant 

microplastic shape, as shown in the results, maps, and discussions. Likely 

sources include urban runoff from the Itchen and Hamble Rivers, sewage 

and wastewater treatment plants, and road runoff in the Itchen River. 

 

Statistical analyses, including T-Test, ANOVA, and Post-Hoc tests, identified 

significant differences in microplastic abundance across sites and between 

different shapes, highlighting the influence of industrial activities and urban 

areas on microplastic accumulation in sediment. ATR-FTIR analysis 

confirmed the presence of polymers such as PVC and PP, suggesting 

potential sources like shipping ports, plastic manufacturing facilities, and 

water-based activities around the sites. 

 

For future research and policy improvements, I recommend: 

1. Increasing spatial and temporal sampling to include more sites and seasonal 

data to understand the influence of weather patterns and human activity 

(Hurley et al., 2018). 

2. Incorporating sediment grain size analysis alongside microplastic 

quantification to improve the accuracy of pollution assessments (Browne et 

al., 2010). 

3. Improving waste management practices in industrial and urban areas to 

reduce microplastic inputs (Geyer et al., 2017). 

4. Implementing monitoring programs around industrial and urban zones to 

track microplastic sources (Zhang et al., 2017). 

5. Mitigating microplastic pollution by using filters in wastewater treatment 

plants to capture microplastics (Habib, 2014). 

 

Word Count: 4790.  
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6. Appendices 

6.1. Microplastic Abundance Tables 

Table 6.1.1 Riverside sports 
field     

Calculation 
Microplastic Shapes Total 

/100 
gr 

Fragments Films Fibers Pellets 

Total 29 18 31 0 78 

Average 9.6 6 10.3 0 26 

Standard 
Deviation 

6.8 4.5 1.5 0 9.5 

 

Table 6.1.2 Riverside Park 

 
     

Calculation 
Microplastic Shapes Total 

/100 
gr 

Fragments Films Fibers Pellets 

Total 38 25 42 0 105 

Average 12.6 8.3 14 0 35 

Standard 
Deviation 

6.6 4.7 1 0 11.2 

      

 

Table 6.1.3 Chessel Bay 

Calculation 
Microplastic Shapes Total 

/100 
gr 

Fragments Films Fibers Pellets 

Total 97 53 166 2 318 

Average 32.3 17.6 55.3 0.6 106 

Standard 
Deviation 

6.4 6.4 5.6 0.5 7.2 
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Table 6.1.4 Water Activity Center 

Calculation 
Microplastic Shapes Total 

/100 
gr 

Fragments Films Fibers Pellets 

Total 157 78 218 1 454 

Average 52.3 26 72.6 0.3 151.3 

Standard 
Deviation 

10.7 4.3 16.5 0.5 20.6 

 

Table 6.1.5 Weston Shore 

Calculation 
Microplastic Shapes Total 

/100 
gr 

Fragments Films Fibers Pellets 

Total 148 59 403 2 612 
Average 49.3 19.6 134.3 0.6 204 
Standard 
Deviation 

19.5 4.3 45.2 0.5 53.8 

 

Table 6.1.6 Hamble river 

Calculation 
Microplastic Shapes Total 

/100 
gr 

Fragments Films Fibers Pellets 

Total 0 0 23 0 23 
Average 0 0 7.6 0 7.6 
Standard 
Deviation 

0 0 2.5 0 2.5 

 

Table 6.1.7 Fibre Colors 

Colors Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 

Black 18 20 100 112 250 12 
White/Transparent 13 18 60 99 120 11 

Blue 0 0 0 0 0 0 
Purple 0 0 0 0 0 0 
Yellow 0 4 6 7 33 0 

Opaque 0 0 0 0 0 0 
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Table 6.1.8 Fragment Colors 

Colors Site 1 Site 2 Site 3 Site 4 
site 

5 
Site 

6 

Black 17 17 50 60 50 0 
White/Transparent 7 10 38 17 27 0 

Blue 4 7 6 45 42 0 
Purple 0 0 0 5 0 0 
Yellow 0 0 3 0 0 0 

Opaque 1 4 0 30 29 0 

 

Table 6.1.9 Film Colors 

Colors Site 1 Site 2 Site 3 Site 4 
site 

5 
Site 

6 

Black 0 0 0 0 0 0 
White/Transparent 5 15 35 43 19 0 

Blue 3 6 15 20 11 0 
Purple 0 0 0 0 0 0 
Yellow 0 0 0 0 0 0 

Opaque 10 4 3 15 29 0 

 

Table 6.1.10 Pellet Colors 

Colors Site 1 Site 2 Site 3 Site 4 
site 

5 
Site 

6 

Black 0 0 0 0 0 0 
White/Transparent 0 0 0 0 1 0 

Blue 0 0 2 1 1 0 
Purple 0 0 0 0 0 0 
Yellow 0 0 0 0 0 0 

Opaque 0 0 0 0 0 0 

 

Table 6.1.11 Microplastic Sizes 

  
1 < 5 
mm 

< 1 mm 

Site 1 48 30 
Site 2 67 38 
Site 3 191 127 
Site 4 258 196 
Site 5 335 277 
Site 6 13 10 
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6.2 Microplastic Images 

 

 

 

 

 

 

 

 

6.2.1 Blue Pellet 

 

 

 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

6.2.2 Blue Fragment 

6.2.3 Opaque Fragment 6.2.3 Yellow Fibres 

6.2.4 Black Fibre 
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6.3 Field and Laboratory Work 

6.3.1 Sediment Collection 6.3.1 ATR-FTIR Analysis 
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