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Microplastics 
in rivers 
Jamie Woodward, James Rothwell, Rachel Hurley, 
Jiawei Li and Marianne Ridley outline a new challenge 
for water quality and river habitat management.

Microplastics are commonly defined as 
plastic particles smaller than 5 mm in size, 
although many studies have recorded 

microplastic assemblages dominated by much finer 
particles. Microplastics have been found in all kinds of 
environments – in the deepest part of the ocean, in Arctic 
sea ice and in remote Alpine soils. There is particular 
concern about microplastics ingested by aquatic fauna 
and their transfer up the food chain, and microplastics 
have recently been recorded in human faeces.1  

To date, most of the research on microplastic contamination 
has been focused on the marine environment.2 Research 
on microplastics in rivers has lagged behind, but it has 
recently been established that: (1) river channels can 
be very heavily contaminated with microplastics and 
(2) fluvial transport is a major supplier of microplastics 
to the oceans. There are many reasons why we need to 
deepen our understanding of the processes that control 
microplastic transport and storage in river catchments, 
not least of which are the potential threats to aquatic 
organisms and ecosystem health.

How do you go about assessing the extent of microplastic 
contamination in your local river? What do you sample – 
water, sediment or biological material such as fish guts or 
freshwater mussels? How do you identify and quantify 
the microplastic burden? What units do you use? The 
study of microplastics in freshwaters is developing 
rapidly and researchers are currently grappling with 
these important questions. There are no standard 
protocols for sampling microplastics in rivers. 

In 2015 a group of us in the Department of Geography 
at The University of Manchester began investigating 
microplastic contamination in the River Irwell (793 km2) 
and the upper Mersey (734 km2) and their tributaries 
– a catchment area of some 1,500 km2. These rivers 
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Many species of fish and waterfowl also feed in this 
zone. Where this channel bed habitat is contaminated 
with microplastics, the potential exists for microplastic 
ingestion and for microplastics to enter the food chain.4 
It can therefore be argued that the fine sediments on a 
river bed are the most ecologically relevant sampling 
environment and the most appropriate context to 
establish the extent of microplastic contamination and 
any potential threat to the aquatic ecosystem. 

We sampled the fine channel bed sediments because they 
inform us about the accumulation of microplastics in a 
given reach and capture the recent history of microplastic 
contamination in that reach. For each sample, we used an 
aluminium cylinder to isolate a portion of the channel 
bed so that we could agitate the gravels, bring the fine 

are small by global standards but they drain a range 
of land uses, from rural uplands to heavily urbanised 
centres of population. We quantified the geography 
of contamination in 10 rivers as well as, in specific 
reaches, the total microplastic load and the assemblage 
of microplastic types stored within the fine sediments 
of the river bed (see Figure 1). Globally, it is the largest 
study of microplastic contamination in freshwaters3 
(see Figure 2).

WHY SAMPLE THE RIVER CHANNEL BEDS?
River beds are generally well-oxygenated, providing 
an important habitat for macroinvertebrates such as 
stoneflies, caddisfly larvae and shrimps. The fine channel 
bed sediments contain important food sources for this 
ecosystem, including algae and decaying organic matter. 

  Figure 1. A typical sub-urban reach in our study rivers. This is the River Tame – a tributary of the upper Mersey 
– a few kilometres downstream from the Denton hotspot. This river has registered the highest concentration of 
microplastics in the world.3 It was the focus of more detailed study in 2019. (©Mike Wafer, Outpost Pictures)

  Figure 2. Patterns of microplastic contamination and microplastic assemblages in 10 rivers around Manchester. 
Note the significant decrease in microplastic storage following the winter flooding of 2015/16. The charts in the 
boxes show mean data for all sites. In both surveys samples were collected in spring and early summer under low-
flow conditions. One site in the headwaters of the River Goyt recorded microplastics in 2016 but not 2015, and the 
Denton hotspot in the middle reaches of the Tame is a prominent feature of the 2016 survey. (Drawn by Nick Scarle, 
The University of Manchester, modified3)
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sediments and microplastics into suspension, and 
capture a representative sample (see Figure 3). In the 
laboratory we isolated and quantified the microplastics. 

In the 2015 survey we recorded microplastics at 39 out of 
40 sample sites, but concentrations were highly variable 
(see Figure 2). We also found that most sites contained 
microplastic fragments, plastic microbeads and synthetic 
fibres in varying proportions. A key finding was the 
presence of distinctive urban contamination hotpots, 
where concentrations of channel bed microplastics 
could exceed 40,000 microplastic particles per kg of 
fine sediment. The most heavily contaminated reaches 
were located immediately downstream of wastewater 
treatment plants or combined sewer overflows. In the 
2015 survey we identified five reaches where microplastic 
concentrations exceeded 15,000 microplastic particles 
per kg of fine-grained channel bed sediment, with one 
site on a tributary of the River Etherow exceeding 60,000 
(see Figure 2).

The rivers we surveyed saw sustained flooding in the 
winter of 2015/16, including an exceptionally large 

flood in the River Irwell catchment on Boxing Day. In 
spring and early summer 2016 we resampled all 40 sites 
to assess the impact of the catchment-wide flooding. 
Microplastic concentrations had fallen at 28 sites, and 18 
of these had decreased by at least an order of magnitude  
(see Figure 2). We discovered that flooding can efficiently 
flush gravelly river beds of microplastic contamination. 
So in this context, flooding represents a significant 
ecosystem service. The post-flooding dataset allowed us 
to estimate the microplastic load flushed from channel 
bed storage and transported downstream: about 70 
per cent, i.e. some 43 +_ 14 billion microplastic particles 
or 0.85  +_ 0.27 tonnes of microplastics.3 The proportion 
of the fluvial microplastic load that actually reaches 
the open ocean is not yet known because some of the 
microplastics will be stored in floodplain and estuarine 
environments.

One site stood out in the 2016 post-flooding dataset. At 
a reach in Denton on the River Tame, the microplastic 
concentration actually increased very considerably from 
48,300 to 72,400 particles per kg of fine channel bed 
sediment. In this case, the post-flooding microplastic 
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are often in the winter months – these microplastics are 
flushed from channel beds and dispersed downstream. 

MICROPLASTICS IN SEDIMENTS AND WATER 
In summer 2019 we carried out an intensive programme 
of sampling on the River Tame (see Figure 1) to look at 
microplastics in various contexts. What you sample, 
where you sample, when you sample – all of these 
factors are important when attempting to assess levels 
of microplastic contamination in a given river reach. 
At 14 sites we collected water samples, channel bed 
sediment samples and fresh sediments deposited 
on the floodplain surface following a summer 2019 
flood. Each context yielded very different microplastic 
assemblages and concentrations. Figure 4 provides a 
schematic illustration of our preliminary findings with 
mean values of microplastic concentrations found in 
three different parts of the river environment. Note 
that the channel bed sediments typically showed by 

assemblage was overwhelmingly dominated by 
microbeads (see Figure 2). The striking change in the 
Denton microplastic assemblage tells us that this site also 
saw significant downstream flushing of microplastics but 
this was followed by rapid accumulation of microplastics 
– in a matter of weeks – and from a local point source.  

This multi-catchment study provided several 
important new insights: microplastic contamination is 
spatially highly variable across the drainage network, 
concentrations in a reach can increase or decrease quite 
rapidly over time, and concentrations are strongly 
influenced by fluvial processes, including antecedent 
flow conditions (especially length of time since the 
last significant flood) and proximity to point sources 
of wastewater. There appears to be a broadly seasonal 
pattern of microplastic accumulation on channel beds, 
with build-up taking place principally during low spring 
and summer flows. During periods of high runoff – which 

  Figure 3. Sampling microplastics stored on the channel bed under low-flow conditions. Microplastics are present 
within the sandy and silty sediments between the loose gravels. The insets summarise, from left to right, the field 
sampling and laboratory recovery of microplastic particles. A known area of channel bed is isolated using the 
aluminium cylinder, the gravels are agitated to bring the fine sediment load into suspension, samples of turbid 
water are returned to the laboratory where the recovery, identification and quantification of microplastic particle 
types takes place. This sampling method also allows us to estimate the amount of fine sediment stored within 
and on the channel bed. (©Mike Wafer, Outpost Pictures, with graphics drawn by Nick Scarle, The University of 
Manchester)

  Figure 4. Schematic diagram with proportional circles summarising microplastic particle concentrations from 
the River Tame derived from water and fine sediment samples collected in summer and autumn 2019. In each 
context mean values of microplastic counts from 14 samples are given. The channel bed sediment–water interface 
is a zone of intense biological activity where many animals feed. (Drawn by Nick Scarle, The University of 
Manchester)
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far the highest concentrations of microplastics – these 
were orders of magnitude higher than the other two 
media. They also contained all components of the fluvial 
microplastic assemblage. By contrast, water samples 
collected under non-flood conditions were dominated 
by synthetic fibres. Overbank floodplain sediments 
were dominated by microbeads, with some microplastic 
fragments, but fibres were largely absent. 

Our latest work on the Tame indicates that untreated 
discharges from wastewater treatment works and 
combined sewer overflows are the main source of 
microplastics. The highest levels of contamination are 
close to these major outfalls. Wastewater treatment 
works receive effluents from various sources, including 
industrial discharges and domestic wastewater.

MICROPLASTICS IN THE OCEANS
It is important to appreciate that it can be difficult to 
compare microplastic data collected using different 
methods. Most data on microplastics from the marine 
environment, for example, are collected from surface 
waters using Neuston nets towed behind boats. These 
nets trap floating microplastic particles down to a lower 

size limit of about 330 μm. These data are commonly 
expressed in microplastic particles per surface area 
of ocean or per volume of water. Most microplastic 
particles that we see on the river beds in our study 
areas are finer than 300 μm (see Figures 5 and 6), so 
these particles could pass through the Neuston mesh 
and go unrecorded. This is just one example of how 
we need to better coordinate research across river and 
marine environments. In addition, much of the marine 
microplastic load sinks to the ocean floor and is buried 
in sediment. Clearly, the microplastic load in the world’s 
oceans has been significantly underestimated.3,5 

HOW WERE RIVERINE MICROPLASTICS MISSED?
The fluvial microplastic contamination problem we 
have identified has passed under the regulatory radar.3 
It has been described as a contaminant of emerging 
concern. This is not surprising in the UK context because 
microplastics are part of the sediment load of rivers, 
and the Environment Agency, the Scottish Environment 
Protection Agency (SEPA) and other regulatory bodies do 
not routinely analyse sediment properties as part of river 
water quality monitoring. While the total concentration 
of suspended solids in water is commonly recorded, 
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Department of Geography at Manchester. He has expertise in 
environmental pollution and urban green infrastructure. 
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  Figure 5. Note that most particles are finer than 300 µm. Very few of the fluvial microplastics we have recovered 
are larger than 0.5 mm (500 µm). (Drawn by Nick Scarle, The University of Manchester) 

  Figure 6. Plastic microbeads recovered from the bed of the River Mersey. (Photo taken by Rachel Hurley, The 
University of Manchester)
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these agencies (and their predecessors) have traditionally 
focused only on water samples and a fairly narrow range 
of water quality properties to assess river water quality. 

MICROPLASTICS AND RIVER HABITAT QUALITY
A key objective of national water quality strategies is to 
ensure that river environments have good biodiversity 
and provide a suitable habitat for fish and other aquatic 
fauna. A recent study of microplastics in fish in the 
non-tidal River Thames found at least one synthetic fibre 
within the gut contents of one third of the sampled fish.6 

Because of the ecological importance of the benthic zone, 
and the progressive build-up and storage of microplastic 
particles of all types on the channel bed (see Figure 4), 
it can be argued that the concentration of microplastics 
in the fine-grained channel bed sediment is the most 
useful indicator of riverine microplastic contamination. 
Macroinvertebrates are most commonly used to assess 
the environmental quality of rivers and streams. As we 
work towards environmental best practice in this area, 

we would argue that the concentration of microplastics in 
river bed sediments should form part of the assessment 
of river habitat quality.

Given the high levels of microplastic contamination 
identified in the rivers that we have surveyed, it is 
very likely that this type of river habitat degradation is 
common in many UK rivers – especially in those in large 
towns and cities. This poses important new challenges 
for river catchment management and how we deal with 
runoff and wastewater. Microplastics are widespread 
in the environment and we have to develop effective 
ways of reducing microplastic inputs to rivers. We need 
to identify an acceptable level of riverine microplastic 
contamination, define critical loads and set targets for 
compliance. Before we can do this there is a need for 
much more fundamental research to better understand 
the origin, movement and storage of microplastics in our 
rivers, as well as the potential impacts of microplastic 
ingestion on aquatic ecosystems and human health. 
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