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Executive Summary: Industrialization and urbanization in the United Kingdom has led to 
practices that impact the quality of their river systems. In a recent 2020 report, 0% of rivers in 
England meet the current criteria of ‘good health’. Climate change will increase the frequency 
of flooding and compound this alarming issue. Phytoremediation is a nature-based strategy 
that employs the use of plants to uptake waste materials such as heavy metals and antibiotic 
waste. Here, we recommend UK counties use phytoremediation-based strategies in 
conjunction with community involvement to improve river quality and make communities 
around river systems more resilient against the impacts of climate change. 

 
I. Introduction 
As one of the forefront nations of industrialization, 
the United Kingdom’s rapid industry development 
and urbanization has led to environmental challenges 
that will be compounded by the effects of climate 
change. River pollution due to industrialization has 
been a long-standing issue, directly impacting those 
who live along the rivers and rely on them for water 
and agriculture. Prior to the Rivers Act of 1951, which 
rendered pollution into rivers an offence, studies 
documented eighty-nine different types of waste 
from different forms of trade in the city of Manchester 
(Klein 1956). In a 2019 report, only 15% of rivers or 
other water bodies in England were classified as in 
‘good health’ and capable of supporting sustainably 
healthy ecosystems, compared to 52% in Scotland, 
44% in Wales, and 31% in Northern Ireland (“B7. 
Surface Water Status” 2020). Furthermore, a recent 
September 2020 report found that with updated 
pollution criteria, 0% of England rivers are currently 

in ‘good health.’ (“Official Figures Reveal Not One 
River or Lake in England Is in Good Health” 2020). 
Modern challenges in England include dumping 
sewage treatment plant waste into rivers, of which 
there are over 200,000 documented occasions in 
2019 (Laville and McIntyre 2020). The UK must act to 
meet the European Union stated goal of restoring 
clean river systems by 2027 (“EUR-Lex - 32000L0060 
- EN - EUR-Lex” n.d.; “The Water Environment (Water 
Framework Directive) (England and Wales) 
Regulations 2017” n.d.).  
 
Climate change will further intensify the 
consequences of river pollution on the health and 
resiliency of UK river systems. According to the 
Thames Estuary 2100 plan, flooding in the lower 
Thames watershed in England could increase by 40% 
due to increased rainfall in a warming climate 
(Penning-Rowsell et al. 2012), which will spread 
pollution far beyond today’s boundaries. In response, 
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the UK has set goals in their Water Framework 
Directive for all waters to achieve a healthy status by 
2027 (L. Carvalho et al. 2019). While these strategies 
address the challenge of increased flooding, they 
focus solely on redirecting large volumes of stormflow 
water from flooding river channels and do not address 
pollution. An inexpensive parallel strategy to mitigate 
pollution is phytoremediation, a nature-based 
approach which removes pollutants from river 
systems via living plants. Here, we recommend using 
phytoremediation to mitigate risks posed by heavy 
metal and antibiotic pollutants exacerbated by 
climate-change-driven flood events in the UK. This 
recommendation proposes a pilot study in Europe 
within the River Thames river system. Additionally, 
by coupling this strategy with a community 
engagement plan, policymakers can include citizens 
in the vested health of their river systems.  
 
i. River Thames pollution 
The River Thames is an ideal location for a pilot 
phytoremediation effort due to its persistent 
challenges with pollution and recently approved 
flood channel project (Environment Agency 2016a). 
Of the 1,500 river systems encompassing over 
200,000 km in the United Kingdom, the River Thames 
is the second longest at 346 km (“UK River and Flow 
Regimes” 2015). The river provides roughly 70% of 
the water utilized in the capital city of London, and 
many cities are centrally located around the river 
(Nickson et al. 2011).  
 
The Thames has had longstanding challenges of 
heavy metal deposition into its waters due to 
urbanization and industrial practices. Heavy metals 
such as arsenic, cadmium, lead, mercury, and others 
are shown to cause organ damage with minimal 
exposure and are considered human carcinogens 
(Tchounwou et al. 2012). These dangerous effects led 
to the Clean Air Acts of 1956 and 1968 and the Clean 
Water Act of 1972, which placed significant 
regulations on industrialized activity and waste 
output into the air and river sources (Clean Air Act 
1956 n.d., Clean Air Act 1968, n.d., Summary of the 
Clean Water Act 2013). Although these articles of 
legislation have improved the environment of the 
Thames, the river still faces significant heavy metal 
pollution challenges. Moreover, antibiotic waste 
poses an additional challenge to the Thames. 
Bacterial antibiotic resistance increases in the 
presence of heavy metals, leading to the possibility of 

deadly bacterial infections arising from increasing 
heavy metal pollution and spread due to flood events 
(Singer, Xu, and Keller 2019). UK policy makers can 
use the River Thames as a regional model for 
phytoremediation strategies via incorporation into 
current approved schemes and the development of 
community-based initiatives. 
 
ii. Phytoremediation  
Phytoremediation refers to a wide range of 
environmental cleaning efforts where living plants 
and algae are used as cleaning agents. This relatively 
new technology emerged at the end of the 20th 
century as a viable means of removing contaminants, 
including heavy metals, from a polluted area (Salt, 
Smith, and Raskin 1998). Incorporation of 
contaminants into plant species occurs through 
uptake via the root system or the leaf system. Once 
incorporated, these harmful chemical compounds 
can be broken down by enzymes found within plant 
tissues or stored within the plant (Sumiahadi and 
Acar 2018).  
 
Several common plants native to the southern UK 
have been shown to take up a range of heavy metals 
(Table 1), including plants found presently in the 
southeastern UK in the Thames region such as horned 
pondweed (Zanichellia palustris) (“Zannichellia 
Palustris” n.d.). These plants can be classified as 
either metal indicators or metal hyperaccumulators. 
Metal indicator plants continuously uptake heavy 
metals into their leaves and shoots. When these 
plants die due to extremely high heavy metal 
concentrations, this indicates the presence of 
pollutants. To prevent heavy metals from returning 
to the environment, dead plants must be removed 
and disposed of (Gomes et al. 2016). These indicators 
provide a natural means of detecting heavy metal 
deposition events, and importantly work to remove 
heavy metals from the environment if proper 
disposal methods are utilized.  

In contrast, metal hyperaccumulators do not die 
when heavy metals reach high concentrations; 
instead, they store heavy metals in their tissues 
without any negative health effects and are thus 
commonly used for phytoremediation (Sumiahadi 
and Acar 2018). In addition to removing heavy 
metals, some hyperaccumulators can accumulate 
antibiotics, which can serve to lessen the possibility 
of increased antibacterial resistance within the 
Thames ecosystem.  
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Phytoremediation has proven useful in many 
locations around the world (Sumiahadi and Acar 
2018), such as Torch Lake in Michigan, United States 
of America, where sunflowers (Helianthus) were used 
to remove copper from mining-contaminated 
sediments (Li and Ramakrishna 2011). However, 
implementation in the UK is lacking (Leggo 2017). We 
recommend for the UK to implement 
phytoremediation within the River Thames river 
system; specifically, that metal indicators and metal 
hyperaccumulators be used in tandem along with 
careful clean up and disposal of heavy metal 
contamination.  
 
iii. Specific plants  
Specifically, we recommend that sage pondweed 
(Stuckenia pectinata), horned pondweed (Z. 
palustris), common reed (Phragmites australis), and 
cordgrass (Spartina maritima) be used as heavy 
metal indicators (Sumiahadi and Acar 2018). These 
plants incorporate Lead (Pb), Cadmium (Cd), 
Mercury (Hg), Nickel (Ni), Copper (Cu), and Zinc (Zn) 
(P. N. Carvalho, Basto, and Almeida 2012; Sumiahadi 
and Acar 2018). Additionally, we recommend the use 
of needle spikerush (Eleocharis acicularis), bulrush 
(Typha latifolia), and sunflowers (Helianthus) as 
hyperaccumulators to use within the Thames 
ecosystem. These plants incorporate Iron (Fe), 
Manganese (Mn), Chromium (Cr), Aluminium (Al), 
Cu, Pb, Ni, Cd, and Zn (Bansal 2013; Datta et al. 2013; 
Yang and Shen 2020), and uptake efficiency increases 
when combined together (Kumari and Tripathi 
2015). Sunflowers also function as antibiotic 
accumulators, collecting tetracycline (TC), 
oxytetracycline (OTC), and chlortetracycline (CTC) 
from the environment (Zhou, Tang, and Wu 2013; 
Datta et al. 2013).) All plants recommended here are 
commonly found in wetlands and saturated soils 
within the UK. Both needle spikerush and cordgrass 
are native species to the UK, while the others are 
naturalized (Table A1). 
 
The UK’s current Biodiverse Action Plan (BAP) does 
not include any of the proposed plant species for 
conservation in the UK, but are all noninvasive and 
can coexist with other plants tabled in the BAP (“List 
of UK BAP Priority Vascular Plant Species” 2007). 
Furthermore, species such as the common reed, 
needle spikerush, cordgrass, and bulrushes would 
not require seasonal replanting and would only need 

to be replaced if a hyperaccumulation event from 
high heavy metal concentrations occurred. 
 
II. Recommendation one: incorporate 
phytoremediation strategies into general 
planning via the River Thames Scheme 
The River Thames Scheme is an initiative from seven 
municipal councils to address the threats of flooding 
and loss of property along a stretch of the River 
Thames (“Lower Thames Flood Risk Management 
Strategy” 2010). The scheme incorporates flood 
channels, basins intended to capture overflow water 
in the case of extreme weather into the River Thames. 
Furthermore, the scheme includes developing at least 
40 hectares of biodiverse habitat along the riverbed 
that include shallow areas meant for reedbed 
population and new trees and shrubs alongside the 
modified land (Environment Agency 2016b). 
Implementers can consider these previously 
determined habitats for phytoremediation-based 
flora. This recommendation benefits from the 
resources of an already-funded scheme set to begin 
construction in 2023, allowing for time to incorporate 
phytoremediation-based plants amongst other BAP-
approved flora (“River Thames Scheme: Reducing 
Flood Risk from Datchet to Teddington” n.d.). The 
overall project is estimated at 640 million pounds, 
with 237 million currently secured from the Surrey 
County Council (SCC 2019). 
 
Mapping critical need areas for remediation 
Three heavy metal polluter regions along the River 
Thames were identified in 2016 by the European 
Environmental Agency’s USEtox model, a predictor 
for heavy metal depositions to air and water in 
Europe, which can target areas for phytoremediation 
(“Environmental Pressures of Heavy Metal Releases 
from Europe’s Industry” 2018). All three of these 
pollution sources are wastewater treatment plants 
and considered points of concentration of the 
surrounding region’s waste. We recommend 
incorporating the seven plants mentioned in Table A1 
in three specific regions: Mogden Water Treatment 
Plant, Thames Water Utilities Beckton, and Thames 
Water Utilities Crossness (Figure A1). The Mogden 
treatment plant is located within the current River 
Thames Scheme and pipes treated wastewater to 
Isleworth Ait, providing an opportunity for planting 
around the isle itself and straightforward 
incorporation into the scheme. The Beckton and 
Crossness plants are outside of the scheme and can be 
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approached via community-based remediation 
efforts.  
 
III. Recommendation two: include community-
based strategies for phytoremediation at heavy 
pollution sites 
 
i. Community-based strategies 
Although the River Thames Scheme provides a useful 
strategy that could readily include phytoremediation, 
the strategy does not begin until 2023. In the 
meantime, community-based strategies could be 
readily implemented at recognized heavy pollution 
sites that also lie within the Thames Strategy zone.  
 
ii. Community engagement policy 
A crucial addition to nature-based phytoremediation 
development strategies is a community action plan. 
We specifically recommend recruiting community 
members to monitor and report on phytoremediation 
areas, making it possible for land managers to quickly 
respond to heavy metal indicator plant death or 
hyperaccumulator planting. Community involvement 
can start early in the planning stages of the scheme. 
Community leaders are most familiar with their own 
neighborhood or city and can help identify ideal 
places for planting indicators and 
hyperaccumulators, as well as areas where these 
plants already grow. Then, citizen-based surveyors 
will report plant health to land managers and river 
engineers to aid in phytoremediation efforts. 
Recruiting the community for establishing 
phytoremediation areas would also instill a sense of 
ownership in the community. We suggest that the 
Surrey County Council, the government organization 
funding the first phase of the River Thames Scheme, 
oversee this citizen surveyor program. 
 
Citizens and practitioners, like land managers or 
project organizers, also often perceive different 
priorities in community-based projects (Swapan 
2014). For example, leaders often prioritize 
environmental or restoration policy in order of 
environmental need. However, actions taken in these 
areas may not be publicly visible, so citizens do not 
see progress and feel less support for their leaders. 
Therefore, bridging this priority gap by connecting 
citizens and leaders can increase long-term support 
from the community and improve the odds of success 
of the project. Previous work to understand the most 
successful public participation strategies, such as 

monitoring environmental quality and advocating for 
policy development (Hu et al. 2017), include 
providing incentives to promote public participation. 
‘Adopting’ abandoned yards and road medians in 
cities limits overgrown lots, therefore reducing blight 
and social disparities. Public participation also limits 
the pressure on city leadership by leveraging the help 
of volunteers. Native planting programs can mobilize 
hundreds of volunteers to complete restoration work 
and lead to a feeling of connectedness to 
environmental successes. However, it is crucial in all 
cases to avoid the focus on simply failure or success 
(Boland and Zhu 2012). Slight progress is better than 
no progress. Community engagement with 
phytoremediation will need to be a long-term effort, 
especially when monitoring populations of indicator 
species. Pairing citizen science and engagement with 
land managers is central to a successful 
phytoremediation plan in the River Thames. 
 
Community engagement should also allow citizen 
advocates to play a major role in environmental 
policy decisions. While institution-led monitoring 
successfully informs policy at the regional and 
national scale in the UK, decisions based on this work 
typically take three to nine years to implement. 
Natural resource decisions have a larger effect on the 
local scale; locals will benefit the most from 
phytoremediation in their own area. Monitoring 
work at the village scale involving local people is 
much more effective and has led to decisions 
implemented within a year (Danielson et al. 2010). 
This result is often due to the sense of ownership 
within the community that leads to increased 
advocacy and accountability for local policymakers.  
 
We recommend land managers and River Thames 
Scheme engineers work directly with citizens living 
on the River Thames at every level of planning to 
ensure mutual benefits. While planting and 
establishing these phytoremediation areas is the top 
priority, and fits seamlessly into this already funded 
project, community engagement would strengthen 
this project in the eyes of the public and in overall 
river health. Phytoremediation efforts will be most 
effective with consistent community monitoring and 
communication with land managers. Further, when 
indicators need to be removed to prevent 
downstream pollution, citizens can help with 
removal, disposal, and replanting. The River Thames 
Scheme will be modifying the land, and in conjunction 
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with flood protection, phytoremediation will further 
serve the community. 
 
IV. Conclusion  
Phytoremediation is one of several strategies that the 
UK will need to incorporate to meet its 2027 goal of 
having all river systems in a healthy state. Our policy 
proposal prioritizes the incorporation of 
phytoremediation as part of the River Thames 
Scheme. Community involvement is an important 
complement for longevity and public support of this 
project. 
 

If this strategy is successful, the UK can readily 
expand and incorporate these actions into future 
flood channel plans and individual community 
initiatives. Furthermore, communities without 
resources for council-based management can still use 
the plants listed under Table A1 as a starting point to 
participate in community-based endeavors. This 
strategy will improve the health and resiliency of the 
UK’s river systems through nature-based pollution 
remediation and increase community interest in river 
quality. 
 

 
Appendix 

 
Table A1: Proposed species for phytoremediation initiatives in the UK. 
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Figure A1: Proposed sites for initial phytoremediation efforts (adapted from EEU USETox Model). 
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