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A 150-year river water quality record
shows reductions in phosphorus loadsbut
not in algal growth potential

Check for updates

Helen P. Jarvie 1,2 , Fred Worrall 3, Tim P. Burt4,5 & Nicholas J. K. Howden5

Eutrophication and proliferation of nuisance and harmful algal blooms are a major cause of water-
quality impairment globally. Here, we analyze the world’s longest continuous (150-year) river water-
quality dataset for the River Thames, U.K. (including biological oxygen demand, chloride, phosphorus
and silica), to explore the impacts of urbanization, wastewater discharges and agricultural
intensification. Over the last 40 years, improvements in wastewater treatment and agricultural
management have reduced phosphorus loads by ~80%. However, this has been insufficient to curtail
river algal blooms because nutrient concentrations remain above limiting levels. Over the last 50–60
years, rising water temperatures have increased the number of days with water temperatures
favourable for diatom blooms in March-April and for cyanobacterial growth in July-August. These
results highlight the challenges of eutrophication management in a warming climate and a strategic
need to redouble efforts in further reducing nutrient emissions to control nuisance and increasingly
harmful algal blooms.

Eutrophication and proliferation of nuisance and harmful algal blooms,
linked to excess nutrients from agriculture and wastewater, are a cause of
global water-quality impairment1,2. Here, we provide a new perspective on
historical eutrophication trajectories, by analysing a hitherto unpublished
150-year dataset of monthly water-quality measurements for the River
Thames at Teddington (West London,U.K): theworld’s longest continuous
river water-quality record3. These data include: chloride (Cl-, a conservative
tracer of wastewater) and biological oxygen demand (BOD, a measure of
organic-matter contamination linked to water body hypoxia), measured
since 1868; and twokeynutrients: phosphorus (P), and silica (SiO2, required
for diatomgrowth),measured since 1936.Auxiliary data, including fertilizer
P applications, population and a reconstructed daily water temperature
record (see Methods), along with the historical nitrate record (which has
alreadybeenpublished3), were combined toprovide unique insights into the
150-year eutrophication history of this iconic river. Due to the U.K.’s early
urbanization and agricultural intensification3,4, the Thames eutrophication
trajectory offers a template for understanding anthropogenic pressures
on river systems: it exemplifies the multiple drivers that have converged
to impair river water quality, and the challenges for remediation, that are
representative of myriad world rivers subject to intensifying eutrophi-
cation pressures. This analysis is of particular importance and timeliness
given the growing contemporary water quality crisis in U.K. rivers,

arising from concerns about serious pollution incidents from discharges
of untreated sewage5–8. This paper therefore also provides a new historical
benchmark against which to assess current and evolving river water
quality challenges in the U.K., and around the world, that increasingly
threaten water security.

Results and discussion
Impacts of urbanization and agricultural intensification
Time series, showing trends in concentrations of Cl-, BODand total reactive
phosphorus (TRP, see “Methods”) for the River Thames at Teddington,
relative topopulation growth, are displayed inFig. 1; the origin andnatureof
this dataset are outlined in the “Methods” and Supplementary Notes.
Between 1920 and 2020, the trend in Cl- concentrations closely tracked
population growth, reflecting urbanization and increasing wastewater dis-
charges (Fig. 1a; Supplementary Fig. S1a).Municipal wastewater is enriched
with Cl- relative to river water, and is widely used as a conservative (non-
reactive) tracer of wastewater in temperate climates such as in the U.K.,
where road salt for de-icing is a negligible fluvial Cl- source9–11. In the 1880s,
Cl- concentrations increased with increasing river flows (Fig. 2 and Sup-
plementary Fig. S2a), reflecting nonpoint-source delivery of Cl- in waste-
water, from runoff during rainfall events; in the late 19th centurymunicipal
wastewaterwas disposedof by land application at ‘sewage farms’12. From the

1Department ofGeography andEnvironmentalManagement andWater Institute, University ofWaterloo,Waterloo,ON,N2L3G1,Canada. 2UKCentre for Ecology&
Hydrology, Wallingford, UK. 3Department of Earth Sciences, University of Durham, Durham, UK. 4Department of Geography, University of Durham, Durham, UK.
5School of Civil, Aerospace and Design Engineering, University of Bristol, Bristol, UK. e-mail: helen.jarvie@uwaterloo.ca

Communications Earth & Environment |            (2025) 6:62 1

12
34

56
78

90
():
,;

12
34

56
78

90
():
,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s43247-024-01978-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s43247-024-01978-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s43247-024-01978-4&domain=pdf
http://orcid.org/0000-0002-4984-1607
http://orcid.org/0000-0002-4984-1607
http://orcid.org/0000-0002-4984-1607
http://orcid.org/0000-0002-4984-1607
http://orcid.org/0000-0002-4984-1607
http://orcid.org/0000-0002-4139-1330
http://orcid.org/0000-0002-4139-1330
http://orcid.org/0000-0002-4139-1330
http://orcid.org/0000-0002-4139-1330
http://orcid.org/0000-0002-4139-1330
mailto:helen.jarvie@uwaterloo.ca
www.nature.com/commsenv


1900s to 1920s, the Cl- and flow relationship transitioned towards a dilution
pattern with increasing flow (Supplementary Fig. S2a), corresponding with
major shifts in wastewater management: the construction of wastewater
treatment plants in the U.K. in the early decades of the 20th century that

started to provide primary and secondary treatment of wastewater from
major urban areas12. Final (treated) effluent from wastewater treatment
plants is discharged semi-continuously as ‘pointʼ sources into the river,
resulting in highest concentrations of Cl- at lowest river flows and dilution
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Fig. 1 | Timeseries of chloride, total reactive phosphorus and biological oxygen
demand in the River Thames at Teddington, U.K. a Monthly chloride (Cl-) con-
centrations (1868–2020) with the annual population of the Thames catchment

superimposed, and monthly total reactive phosphorus (TRP) concentrations
(1936–2020) with a Loess (locally estimated scatterplot smoothing) trend line; and
b monthly biological oxygen demand (BOD) (1868–2020), with a Loess trend line.

Fig. 2 | Flow-dependency of chloride, total reactive phosphorus and biological
oxygen demand in the River Thames. Scatterplots showing the relationships with
river flow (m3 s-1) for: chloride (Cl-), total reactive phosphorus (TRP), and biological
oxygen demand (BOD), for selected decades. Symbol colours denote the season of

sampling. The black arrows denote changes in flow dependency: from increases in
concentration with increasing flow, to dilution with increasing flow. *Note that TRP
measurements began in 1936. A full series of decadal concentration vs flow scat-
terplots for Cl-, TRP and BOD are provided in Supplementary Fig. S2.
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with increasing river flows11. This dilution of Cl- with increasing flow, that
correspondswith a dominant point (wastewater) source of Cl-, has persisted
since the 1920s (Fig. 2 and Supplementary Fig. S2a).

TRP measurements began in 1936, but it was not until the 1940s that
the TRP-flow relationship switched to a dilution pattern, consistent with a
change from nonpoint to a predominantly point-source signal of P from
wastewater effluent (Fig. 2 and Supplementary Fig. S2b). The change from a
positive to a negative relationshipwithflow forTRP therefore lagged behind
that of Cl-, by around 10 years. This decadal lag in response indicates that,
during the 1930s, legacy P stores13,14, retained in soils and sediments, con-
tinued to be mobilised as nonpoint sources during rainfall events. Since the
1940s, TRP concentrations have persistently shown point-source dilution
with flow (Fig. 2 and Supplementary Fig. S2b). TRP concentrations tracked
population and Cl- until 1990 (Fig. 1a and Supplementary Fig. S1b),
reflecting the dominant control of wastewater onTRP concentrations in the
River Thames15,16. After 1990, theTRP andCl- timeseries diverged as a result
of EU Urban Wastewater Treatment Directive15 mandating large-scale
introduction of enhanced tertiary wastewater treatment and reducing P
relative to Cl- in final treated effluent (Fig. 1a and Supplementary Fig. S1b).
AsCl- is chemically conservative, riverCl- concentrationswereunaffectedby
the changes in wastewater treatment and continued to increase with
population, whereas river TRP concentrations fell after 1990 in response to
tertiary treatment reducing P discharged in the final effluent.

Median low-flow TRP concentrations (the ‘low-flow’ threshold was
defined here as the 15th percentile of monthly flows) increased from 0.047
mg-P L–1 (1930s) to 2.83 mg-P L–1 (1980s); the largest low-flow TRP con-
centration increases occurred between the 1960s and 1980s (~1 mg-P L–1 per
decade), reflecting increasing wastewater P discharges (Fig. 3a). Although
TRP concentrations closely tracked population growth and urban

wastewater inputs between 1936 and 1990 (Fig. 1a and Supplementary
Figs. S1b, S2b), the imprint of agricultural intensification on P losses is also
evident through changes in high-flow mobilisation of nonpoint P sources
within the catchment (Fig. 3b). Median high-flow TRP concentrations (the
‘high-flow’ threshold was defined here as the 85th percentile of monthly
flows) increased from 0.098 mg-P L–1 (1930s) to 0.656 mg-P L–1 (1980s). The
greatest increases in high-flow TRP mobilisation occurred in the 1960s
(Fig. 3b), reflecting a large-scale increase in nonpoint-source P mobilisation,
in response to the build-up of soil P from fertilizer and manure applications4

(Fig. 4), along with increases in artificial subsurface (tile) drainage in the
Thames catchment between 1950 and 197017. This convergence of increases
in nonpoint P source availability and enhanced hydrological connectivity
through tile drainage18, likely accelerated the transport and delivery of P from
agricultural land to the River Thames during high-flow events in the 1960s.

The greatest rate of increase in BOD occurred during periods of rapid
population growth between 1930 and 1965, with BOD closely tracking Cl-

concentrations during this time (Fig. 1 and Supplementary Fig. S1c),
reflecting contributions of organic matter contamination from urban was-
tewater. Similar to TRP, BOD concentrations increased with flow until the
1940s, before transitioning towards a point-source dilution pattern, with
highest BOD concentrations during lower flows, particularly in spring and
summer (Fig. 2 and Supplementary Fig. S2c).

A mixed picture of successes and challenges in water-quality
management
The time series of BOD and Cl- diverged after the early 1960s (Fig. 1 and
SupplementaryFig. S1c):Cl- concentrations continued to risewith increased
urban wastewater discharges, whereas BOD declined, reflecting expansion
in the use of activated sludge treatment in the 1960s that reduced organic

Fig. 3 | Low-flow and high-flow concentrations of chloride, total reactive phos-
phorus and biological oxygen demand in the River Thames from the 1880s to
the 2010s. a Low-flow concentrations: here, the low-flow threshold was defined as
the 15th percentile of monthly flows; and b high-flow concentrations: here, the high-

flow threshold was defined as the 85th percentile of monthly flows. Boxplot elements:
centre line, median; box limits, upper and lower quartiles; whiskers, 1.5 x inter-
quartile range; points, outliers.
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matter loading and enhanced nitrification of ammoniacal nitrogen to
nitrate12. Median low-flow BOD declined by 71%, from 3.90mg L–1 (1950s)
to 1.13mg L–1 (2010s) (Fig. 3a).Despite thesebaselineBODreductions, after
the 1950s, the monthly time series (Fig. 1b) reveal an increase in high-BOD
spikes above 5mg L–1 (the BOD water-quality standard for high-alkalinity
lowland rivers19), that typically occurred at lower flows in spring and
summer (Fig. 2 and Supplementary Fig. 2c).

Median low-flow TRP concentrations declined by 89%, from
2.83 mg-P L–1 (1980s) to 0.307 mg-P L–1 (2010s) (Fig. 3a), corresponding
with the adoption of the Urban Wastewater Treatment Directive in 1991
that required tertiary P removal at wastewater treatment plants serving
>10 K population equivalents and discharging to sensitive freshwaters20.
Impacts of reduced fertilizer P applications (Fig. 4), along with agri-
environment schemes to minimise soil erosion and reduce agricultural
nonpoint-source P losses, resulted in reductions in high-flow TRP con-
centrations (Fig. 3b): median high-flow TRP concentrations declined by
73%, from the peak of 0.650 mg-P L–1 (1980s) to 0.174 mg-P L–1 (2010s).

The combined effects of these point- andnonpoint-sourcePmitigation
measures in the Thames catchment since the 1980s resulted in an 82%
reduction in median annual TRP loads: from 1.99 kt-P y–1 (1980s) to
0.353 kt-P y–1 (2010s) (Fig. 4). However, this remarkable reduction in
TRP loads has had little impact on the within-river eutrophication
risk: throughout the 2010s, the median river TRP concentration was
0.264 mg-P L−1 (range 0.120 to 0.516 mg-P L-1), i.e., exceeding a threshold
concentration of TRP (0.05mg-P L–1) belowwhich nuisance algal growth in
U.K. lowland rivers is expected to become P-limited21,22 and exceeding a
TRP standard of 0.098 mg-P L−1 to achieve ‘Good Ecological Status’ in the
River Thames19,23.

Throughout the 150-year record, nitrate concentrations have also
remainedwell above an ecologically-limiting threshold of ~0.4mg-NL-121,22:
median nitrate concentrations ranged from 2.13 mg-N L–1 (1870s) to
7.82 mg-N L–1 (2010s; Supplementary Fig. S3a). Since the 1980s, these high
nitrate concentrations have been sustained by groundwater legacy nitrate
sources3,24 which cannot easily be abated and are expected to persist in the
coming decades3,24,25. This persistent overabundance of both P and N (high

ambient concentrations above limiting levels) continues to sustain river
algal blooms and contributes to the ongoing water quality and ecological
impairment within the River Thames.

The Redfield ratio26 (16 N:1 P) is widely used as a reference ‘optimum’
ratio for primary production across diverse aquatic ecosystems, including
algae in streams and rivers22,27, and deviations from the Redfield ratio can
indicate potential for nutrient limitation in rivers22,28,29. Molar N:P ratios
during the periodof highest P concentrations, from the 1970s to early 1990s,
were close to the Redfield ratio (median molar N:P ratio in the 1970s was
14.5) (Supplementary Fig. S3b). Since the mid-1990s, River Thames N:P
ratios have exceeded the Redfield ratio (medianmolar N:P in the 2010s was
53), and this indicates that reducing P inputs to achieve lower, ecologically-
limiting concentrations may offer the greatest opportunity to curtail algal
growth and reduce river eutrophication pressures. However, there remain
concerns about the impacts of nitrate on eutrophication in downstream
receiving water bodies, including lakes and, in the case of the River Thames,
estuarine and coastal waters, where there can beN-limitation or dual N and
P co-limitation30,31. Reducing phosphorus inputs can potentially also impact
the export of reactive nitrogen from lakes32. These concerns provide a strong
rationale for dual reductions of N as well as P to manage eutrophication in
downstream receiving water bodies31,33.

Blooming algae: diatom growth and silica depletion
Diatoms are the dominant phytoplankton in the River Thames and give rise
to pronounced spring algal blooms when river-water chlorophyll-a reaches
maximumconcentrations34.During these diatomblooms, dissolved reactive
silica (SiO2) is assimilated to form the diatom outer shells (siliceous frus-
tules), resulting in depletion in river-water SiO2 concentrations35, and a
negative relationship between chlorophyll-a and SiO2 concentrations
(Fig. 5a). Chlorophyll-a concentrations have only been measured since
the 1970s in theRiverThames atTeddington, at varying sampling frequency
and with data gaps (see Supplementary Fig. S5), whereas SiO2 has been
measured continuously, on a monthly basis, in the Thames since 1936
(Fig. 5b); thus, SiO2 depletion is used here as a long-term indicator (proxy)
of diatomblooms36. Here, a diatom ‘bloom’was defined as SiO2 depletion to
concentrations below 4.1mg L–1; this corresponds with the 100 µg L–1

chlorophyll-a concentration threshold that indicates the onset of algal
blooms in the lower River Thames37 (Fig. 5a).

Phytoplankton blooms are highly dynamic, responding to changes in
physio-chemical conditions on daily and sub-daily timescales34 and monthly
monitoring is insufficient to characterize these dynamics. Recent higher-
resolutionmonitoring has shown that, with an overabundance of P and N in
the River Thames, water temperature during the spring is a key driver of
diatom blooms in the River Thames34,38,39, among other multiple controls on
bloom dynamics, including light40. Inmany rivers, flow and flushing rate also
provides a key control on phytoplankton blooms; however, flow in the lower
River Thames is highly regulated by locks41–43. Moreover, while there is large
interannual variability in river flow, analyses have shown little evidence for
any long-term trends in river flow, floods or droughts related to climate
change since 188041,44. Here, we focus on the potential impacts of changes in
water temperature on algal blooms. There was a pronounced range in water
temperature when spring diatom blooms occurred (i.e., when SiO2 con-
centrations were depleted below 4.1mg L–1 during March through June), as
shown in Fig. 5c as a bivariate kernel density (2D probability) distribution45.
From this, we identified an ecological range in water temperature of 9.6 to
18.25 oC that is favourable for spring diatom blooms in the lower River
Thames at Teddington. This range is consistent with estimates of the eco-
logical range in water temperatures favourable for diatom blooms at other
locations within the River Thames34,40.

Warming waters: increasing the potential for nuisance and
harmful algal blooms
Water and air temperature datasets were used to reconstruct a daily river
water temperature record for the Thames at Teddington from 1870 to 2020
(see “Methods”). The daily river water temperatures were then used to

Fig. 4 | Total reactive phosphorus loads in the River Thames and total fertilizer
phosphorus applied to agricultural land in theThames catchment (1936 to 2020).
a Annual total reactive phosphorus (TRP) loads (kt-P y–1) for the River Thames at
Teddington, U.K.; and b total fertilizer P (inorganic fertilizer P + manure
P; kt-P y–1) applied to agricultural land in the Thames catchment.
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calculate the number of days, per month, when the water temperature was
favourable for diatom blooms, i.e., within the range 9.6–18.25 oC (Fig. 6a).
Seasonal phytoplankton succession in the River Thames follows a similar
pattern to temperate eutrophic lakes: from dominance of nuisance diatoms
in spring, with growth in potentially harmful cyanobacterial groups in late
summer46. A similar analysis was then undertaken to assess the potential for
growth of cyanobacteria that dominate at higher water temperatures
(>20 oC)47,48 (Fig. 6b).

The results show that, over the last 50–60 years, warming water tem-
peratures in the River Thames have resulted in conditions more favourable
to diatom blooms in March and April, and more favourable for cyano-
bacteria growth in July and August. Over the last 50 years, the number of
days fromMarch1st throughApril 30thwithwater temperatures favourable
for diatom blooms has increased by ~15 days: from a median of 20 days in
the 1970s to amedian of 35 days in the 2010s (Fig. 6a). During this time, the
most rapid increase in the number of days in March and April with
favourable water temperatures for diatom blooms occurred between the
1980s and 1990s: an increase of ~12 days, from a median of 21 days in the
1980s to a median of 33 days in the 1990s (Fig. 6a). There was no corre-
sponding change in the number of days with favourable water temperatures
for diatom blooms in May. However, rising water temperatures in June are
increasingly exceeding 18.25 oC and therefore becoming too warm for
diatom blooms: the number of favourable water temperature days for dia-
tomblooms in June has declined by~8days: fromamedian of 24 days in the
1970s to amedian of 16 days by the 2010s (Supplementary Fig. S4).Over the
last 60 years, the median number of days from July 1st through August 31st

with favourable water temperatures for cyanobacterial blooms has risen by
an average of ~22 days: from amedian of 9 days in the 1960s to amedian of
31 days in the 2010s (Fig. 6b).

Reductions in phosphorus loads but not in algal growth potential
A period of high magnitude and frequency of SiO2 depletion below
4.1mg L–1, indicative of intense diatom blooms, occurred between 2005 and
2016 (Fig. 5b and Supplementary Fig. S5), despite TRP concentrations
having been reduced to levels not seen since the 1950s (Fig. 1a). The BOD
time series provides further independent corroborating evidence of persistent
eutrophication risk during this time (Fig. 1b): despite the improvements in
wastewater treatment addressing gross organic pollution from wastewater
and reducing P concentrations, the incidence of high BOD spikes (>5mg L–1)
increased after the 1950s. Further, there has been a marked shift in the
seasonality and hydrological distribution of these BOD spikes. Prior to 1950,
the highest BOD concentrations occurred during high flows, particularly in
winter, indicating runoff-driven mobilization of organic matter contamina-
tion (Fig. 2, Supplementary Fig. S2c). Since the 1950s and 1960s, the highest
BOD concentrations have shifted to low-flows in spring and summer (Fig. 2,
S2c). These high-BOD spikes now correspond directly with periods of SiO2

depletion (Fig. 5d). This indicates that the BOD spikes may now be primarily
linked to microbial degradation of diatom blooms, and that these blooms are
a continuing driver of oxygen depletion in the River Thames.

Consequently, despite the remarkable successes in reducing P loads in
the River Thames, owing to substantial investments in reducing wastewater
and agricultural P emissions over the last 40 years49 (Figs. 1a, 4a), there have
been no corresponding reductions in algal growth potential, as demonstrated
by the SiO2 record, which indicates a persistence of spring diatom blooms
(Fig. 5b, d). The reductions in nutrient emissions have not been sufficient to
reduce river nutrient concentrations to limiting levels and, over the last 50–60
years, there has been an increase in the number of days with water tem-
peratures favourable for diatom blooms in March and April, and an increase
in number of days favourable for cyanobacteria blooms in July and August.

(a) (c)

(b) (d)

SiO2 (mg L-1) BOD (mg L-1)

SiO2  threshold of 4.1 mg L-1

Fig. 5 | Silica, chlorophyll-a, water temperature and biological oxygen demand to
explore diatom blooms. a Relationship between dissolved reactive silica (SiO2) and
chlorophyll-a in the River Thames (1974–2020) showing the threshold SiO2 con-
centration (dashed red line, 4.1 mg L–1) that corresponds with the 100 µg L–1

chlorophyll-a water-quality threshold (dashed black line) for algal blooms in the
lower River Thames37; b time series of SiO2 from 1936 to 2020, showing the
4.1 mg L–1 SiO2 threshold as a red dashed line; c bivariate kernel density plot45

showing the probability distributions for the relationship between SiO2 and water

temperature during diatom blooms, for samples collected during spring (March
through June) when SiO2 concentrations were depleted below the 4.1 mg L–1

threshold. The vertical lines denote the ecological temperature range favourable for
diatom blooms (9.6–18.25 oC); i.e., the upper and lower threshold water tempera-
tures bounding the ʻwindowʼ of diatom blooms (90% probability of SiO2 depletion
below 4.1 mg L–1); d timeseries of SiO2 (green) and biological oxygen demand (BOD;
blue) from2007 to 2014, showing the synchronicity between silica depletion (diatom
blooms) and spikes in BOD.
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Conclusions
The world’s longest continuous river water quality record provides unique
insights into thehistoryof eutrophication,bydocumenting the impactsof150
years of social, economic andenvironmental change through the lensof river-
water chemistry and quality. Although remarkable successes in reducing P
loads in the lower River Thames (by ~80%) have been achieved through the
combined effects of both point and nonpoint P source management, these
management measures have not yet reduced P concentrations to limiting
levels that would curtail phytoplankton blooms. Nonetheless, owing to the
depletion of P relative to N, the continuing multi-decadal legacy of N from
groundwater in the Thames catchment3,24 and, given the increasing nutrient
pressures linked to climate change50, reducing P concentrations to limiting
levels continues to offer the best long-term prospect of curtailing river algal
blooms in the Thames. However, dual P and N controls may be needed to
reduce eutrophication in downstream estuarine and coastal waters30,31. And,
although planting of riparian trees has been proposed as ameans of reducing
algal growth in rivers through shading51,52, such opportunities are more
limited in large lowland rivers like the Thames, owing to the large channel
width relative to the marginal zone of shading cover.

Achieving the reductions in P loads and concentrations needed to
control river algal blooms will be challenging, especially given the legacy of P
that has accumulated over the last century4,13,53. More than 40% of U.K. soils
now have soil P levels above the agronomic optimum as a result of long-term

application of mineral P fertilisers and P-rich animal manures and slurries,
increasing the risks of nonpoint source P losses54. In areas of high P-loss risk,
improvements in nutrient management55 along with carefully-targeted
agricultural conservation practices56,57 will be needed to minimise nonpoint
source P losses. However, further reducing wastewater effluent P emissions
will be also pivotal in lowering ambient P concentrations and reducing
eutrophication risk in the River Thames. Wastewater effluent discharges
remain responsible for widespread chronic P impairment of water quality in
U.K. lowland rivers15,20. As shown in this paper,wastewater effluent continues
to contribute the highest P concentrations during the lowest flows, especially
in summer in the River Thames, a period of higher risk for cyanobacterial
blooms. Although there have been dramatic improvements in baseline P
concentrations (since the 1980s) and BOD (since the 1960s), as a result of
improvements in wastewater treatment, there is now increasing concern
about pollution incidents associated with discharges of untreated sewage to
U.K. rivers, many of which are currently unreported7,58,59. These untreated
sewage discharges occur not only during rainfall events (from combined
sewer overflows and where the capacity of the treatment works is exceeded),
but also increasingly during drier weather conditions due to infrastructure
failures6,7. These pollution incidents have been attributed to the converging
effects of long-term underinvestment in wastewater infrastructure, and
expansion in housing and commercial developments, putting pressure on
already underperforming wastewater treatment plants, along with greater
intensity of rainfall events5,59. The ecological and humanhealth impacts are of
growing public concern59,60. The long-term monthly water-quality data pre-
sented here are not of sufficient temporal resolution to adequately capture
individual sewage pollution incidents that may occur over the duration of a
few hours to days, but these data do demonstrate the long-term chronic and
cumulative effects of wastewater discharges on water-quality impairment at
the catchment scale.Theeffects ofpoorly treatedwastewaterwill undoubtedly
contribute to the challenges in reducingPconcentrations in theRiverThames
to levels that could limit algal blooms.

Some of the largest diatom blooms (using silica depletion as a proxy)
have occurred since 2005, despite river P loads during this time being ~80%
lower than at their peak in the mid-1980s. In spite of these dramatic P load
reductions, river P concentrations remain above limiting levels. There is a
continuing overabundance of P (and N) to support algal blooms and, over
the last 50–60 years, rising water temperatures in the River Thames have
resulted in an increasing number of days with water temperatures favour-
able for diatomblooms inMarch andApril and for growth of cyanobacteria
in July and August. The lessons from this remarkable 150-year record of
river water quality measurements resonate globally: as climate change
intensifies, further tightening nutrient emissions will likely be our most
effective lever to control the nuisance and harmful algal blooms that
increasingly threaten our water quality and water security.

Methods
Total P fertilizer and manure P application data for the Thames
catchment
Applications of P (as inorganic fertilizers and livestock manure) to agri-
cultural land within the Thames catchment were calculated on an annual
basis, from 1936 to 2020, using the methods of Worrall et al.61. Annual
agricultural census returns62 were compiled for each parish within the
Thames catchment from 1936 to 1989. In 1989, theU.K. governmentmoved
to annual, national-scale reporting with reporting for supra-parish units in
1990, 1995 and 1999. From 2000 to present, there was annual reporting, but
only for supra-parish units. Data from parishes and supra-parish units were
then combined to derive land use and livestock headage numbers within the
Thames catchment.ManurePapplicationswere calculated fromthe livestock
headage data, according to the methods of Johnes et al.63. The inorganic P
fertilizer inputs were estimated using the agricultural land use data and fer-
tilizer use data. The Fertiliser Manufacturers Association and the Environ-
mentAgency of England andWales have published annual surveys of the use
of inorganic fertilizers since 196264. To convert national-scale annual total P
fertilizer data into inputs for the Thames catchment, for each year, the

Fig. 6 | Number of days with favourable river water temperatures for diatom and
cyanobacteria blooms from the 1870s to the 2010s. Boxplots showing (a) the
number of days fromMarch 1st throughApril 30th, when water temperatures in the
River Thames were within the ecological range favourable for diatom blooms
(9.6–18.25 oC); and b the number of days from July 1st through August 31st, when
water temperatures were >20 oC (i.e., favourable for cyanobacteria growth)47,48.
These graphs are based on the 150-year reconstructed water temperature timeseries
for the River Thames (see “Methods”). Boxplot elements: centre line, median; box
limits, upper and lower quartiles; whiskers, 1.5 x interquartile range; points, outliers.
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recommended rates of P application from the U.K. Fertiliser Best Practice
manual were used to scale the total annual P fertilizer use to the average that
would be applied for each land-use type, for each year, in the Thames
catchment. For the years prior to 1962, inorganic P fertilizer inputs were
estimated using data fromMattikalli and Richards65. Data were reported for
‘arable’ and ‘grassland’ in 1943, 1950, 1957 and 196265, and linear inter-
polation was used to estimate values for the intermediate years. Before 1943,
fertilizer inputs were estimated by linear interpolation, decreasing backward
through time until they equalled a value expected from organic manures
based on evidence from export coefficient models66.

Population data
Population census returns were available for every English county for every
decade from 1841, with additional projected numbers from 2001 to 202067.
The population of the Thames catchment was estimated as a weighted
proportion of the area of each county within the catchment. Linear inter-
polation between census years was used to estimate the Thames catchment
population in each year of the study.

River flow data
Mean daily flow records were downloaded from the U.K. National River
Flow Archive, for the Thames at Kingston (gauging station number
39001)68, which is the lowest gauging station on the River Thames, and less
than 3 km upstream from the Teddington water quality monitoring site.
Flow data at this gauging station are available from 1883 to the present day.

Meteorological and river water temperature data
Daily rainfall and air temperature records have been maintained at Oxford
since the 18th century69,70. Mean daily air temperature data were combined
with water temperature data (available from 1974 from the U.K. Harmo-
nized Monitoring Scheme database71 and the Environment Agency of
England and Wales Water Quality Data Archive72; see water quality data
below), to derive seasonal regression relationships between water tem-
perature and air temperature. These regression relationships were then
applied to the daily air temperature data from 1868, to derive a daily water
temperature record for the River Thames from 1868 to 2020.

Water quality data
The following historical water quality datasets were compiled:
• Chloride (Cl-;mgL–1): a continuousmonthly record from1868 to2020;
• Biological oxygen demand (BOD; mg L–1): a continuous monthly

record from 1868 to 2014;
• Total reactive phosphorus (TRP; mg L–1, a measure of molybdate-

reactive P on an unfiltered water sample73): a continuous monthly
record from 1936 to 2020;

• Silica (SiO2; mg L–1): a continuous monthly record from 1936 to 2020.

The water samples were all collected at the same point on the River
Thames but different methods of analyses were used at different times and
by different organisations:
• Grand Junction Water Company, 1868–1901;
• London Metropolitan Water Board, 1902–1977;
• Thames Water Authority, 1978–1988;
• National Rivers Authority, 1989–1996;
• Environment Agency of England and Wales, 1996 to 2020.

The datasets prior to 1974 were transcribed from paper records.
Hamlin74 provides a guide to the historical analytical water chemistry tech-
niques used, and the first verified water quality measurements were in
1867–1868 for the River Thames. A summary of the analyticalmethods used
for each water quality analyte are provided in Supplementary Tables S1–S4.
Datasets from 1974 to 2013 were accessed from the U.K. Harmonized
MonitoringSchemedatabase71 and thedatasets after 2013wereaccessed from
the Environment Agency of England and Wales Water Quality Data
Archive72. Throughout the period of water quality records, samples of river

water were measured several times a week; however, data were reported
differently and raw data were not always available. Between November 1881
andDecember1938measurementsweremade several times aweek and these
values were averaged on a monthly time step. Between January 1939 and
December 1952 the data were given as quarterly averages and so to estimate
monthly data, a cubic spline was fitted to the data for the subsequent period
and then used to predict the monthly data given the spline fitted to the
quarterly summaries: actual sampling was still each weekday. From January
1953 to March 1974 measurements were made on weekdays and again
summarised on a monthly basis. After March 1974, the Thames at Ted-
dingtonwas included in theHarmonisedMonitoringScheme (HMS)75,76 and,
as such, sampling came into line with national reporting standards at a
monthly time step.

The analytical methods for harmonising water-quality data, for the
HMS sites was prescribed in DoE77 and outlined in Simpson75. Current
procedures are outlined and controlled by the U.K. Government’s Standing
Committee of Analysts78. Working back from the most recent HMS water-
quality records, periods of overlap betweenhistoricalmethods for individual
analytes were used for baseline data harmonization and correction.

Data presentation and analysis
The R software environment for statistical computing and graphics79 was
used for data presentation and analysis. Locally estimated scatterplot
smoothing (LOESS) was undertaken in R using the loess() (Local Poly-
nomial Regression Fitting) function, and bivariate kernel density plots were
created using the ‘ks’ package45.

Data availability
Thedatapresented in this paper are available at theUniversity ofBristol data
repository, data.bris, at: https://doi.org/10.5523/bris.3lgjkhzhn24qs2qp65
dimo8tan.

Received: 2 August 2024; Accepted: 18 December 2024;

References
1. Bouwman, A. F. et al. Impact of lifestyle, human diet and nutrient use

efficiency in food production on eutrophication of global aquifers and
surface waters. Glob. Environ. Change 87, 102874 (2024).

2. Feng, L. et al. Harmful algal blooms in inland waters. Nat. Rev. Earth
Environ. 5, 631–644 (2024).

3. Howden, N. J. K. et al. Nitrate concentrations and fluxes in the River
Thames over 140 years (1868-2008): are increases irreversible?
Hydrol. Process. 24, 2657–2662 (2010).

4. Powers, S. M. et al. Long-term accumulation and transport of
anthropogenic phosphorus in three river basins. Nat. Geosci. 9,
353–356 (2016).

5. Allsop, J. Why Britain Stinks. Thanks to decades of underinvestment
and mismanagement, sewage is flowing into rivers and seas. The
Atlantic: https://www.theatlantic.com/ideas/archive/2023/04/britain-
sewage-water-pollution-scandal/673655/ (2023).

6. Purnell, S. et al. Assessment of the pollution incident performance of
water and sewerage companies in England. PloS One 16, e0251104
(2021).

7. Hammond P. et al. Detection of untreated sewage discharges
towatercourses usingmachine learning.NpjCleanWater4, 18 (2021).

8. Giakoumis, T. & Voulvoulis, N. Combined sewer overflows: Relating
event duration monitoring data to wastewater systems’ capacity in
England. Environ. Sci.: Water Res. Technol. 9, 707–722 (2023).

9. Neal, C. et al. The water quality of the River Thames at a rural site
downstream of Oxford. Sci. Total Environ. 251, 441–457 (2000).

10. Neal, C. et al. Water quality of treated sewage effluent in a rural area of
the upper Thames Basin, southern England, and the impacts of such
effluents on riverine phosphorus concentrations. J. Hydrol. 304,
103–117 (2005).

https://doi.org/10.1038/s43247-024-01978-4 Article

Communications Earth & Environment |            (2025) 6:62 7

https://doi.org/10.5523/bris.3lgjkhzhn24qs2qp65dimo8tan
https://doi.org/10.5523/bris.3lgjkhzhn24qs2qp65dimo8tan
https://www.theatlantic.com/ideas/archive/2023/04/britain-sewage-water-pollution-scandal/673655/
https://www.theatlantic.com/ideas/archive/2023/04/britain-sewage-water-pollution-scandal/673655/
https://www.theatlantic.com/ideas/archive/2023/04/britain-sewage-water-pollution-scandal/673655/
www.nature.com/commsenv


11. Jarvie, H. P. et al. Within-river phosphorus retention: Accounting for a
missing piece in the watershed phosphorus puzzle. Environ. Sci.
Technol. 46, 13284–13292 (2012).

12. Cooper P. F. Historical aspects of wastewater treatment In:
Decentralised Sanitation and Reuse: Concepts, Systems and
Implementation. Ed: P. Lens, G. Zeeman and G. Lettinga. ISBN: 1
900222 47 7 (2001).

13. Jarvie, H. P. et al. Water quality remediation faces unprecedented
challenges from “Legacy Phosphorus. Environ. Sci. Technol. 47,
8997–8998 (2013).

14. Cravotta, C. A. et al. Legacy sediment as a potential source of
orthophosphate: Preliminary conceptual and geochemicalmodels for
the Susquehanna River, Chesapeake Bay watershed, USA. Sci. Total
Environ. 912, 169361 (2024).

15. Jarvie, H. P., Neal, C. &Withers, P. J. A. Sewage-effluent phosphorus:
A greater risk to river eutrophication than agricultural phosphorus?
Sci. Total Environ. 360, 246–253 (2006).

16. Kinniburgh, J. H. & Barnett, M. Orthophosphate concentrations in the
River Thames: reductions in the past decade.Water Environ. J. 24,
107–115 (2010).

17. Green, F. H. W. Ridge and furrow, mole and tile.Geogr. J. 141, 88–93
(1975).

18. King, K. W. et al. Phosphorus transport in agricultural subsurface
drainage: A review. J. Environ. Qual. 44, 467–485 (2015).

19. Defra (Department of Environment Food and Rural Affairs). TheWater
Framework Directive (Standards and Classification) Directions
(England and Wales), 2015.

20. Civan, A. et al. Forty-year trends in the flux and concentration of
phosphorus in British rivers. J. Hydrol. 558, 314–327 (2018).

21. Mainstone, C. P. & Parr, W. Phosphorus in rivers— ecology and
management. Sci. Total Environ. 282, 25–47 (2002).

22. Jarvie, H. P. et al. Phosphorus and nitrogen limitation and impairment
of headwater streams relative to rivers in Great Britain: A national
perspective on eutrophication. Sci. Total Environ. 621, 849–862
(2018).

23. UK Technical Advisory Group on the Water Framework Directive
(2013). Updated Recommendations on Phosphorus Standards for
Rivers. River Basin Management (2015-2021). https://www.
wfduk.org/sites/default/files/Media/UKTAG%20Phosphorus%
20Standards%20for%20Rivers_Final%20130906_0.pdf.

24. Worrall, F., Howden, N. J. K. & Burt, T. P. Time series analysis of the
world’s longest fluvial nitrate record: evidence for changing states of
catchment saturation. Hydrological Process. 29, 434–444 (2015).

25. Wang, L. et al. 2016 The changing trend in nitrate concentrations in
major aquifers due to historical nitrate loading from agricultural land
across England andWales from 1925 to 2150.Sci. Total Environ. 542,
694–705 (2016).

26. Redfield, A. C. The biological control of chemical factors in the
environment. Am. Sci. 46, 205–221 (1958).

27. Hillebrand, H. & Sommer, U. The nutrient stoichiometry of benthic
microalgal growth: Redfield proportions are optimal. Limnol.
Oceanogr. 44, 440–446 (1999).

28. Smith, D. R. et al. Carbon, Nitrogen, and Phosphorus Stoichiometry
and Eutrophication in River Thames Tributaries. Uk. Agric. Environ.
Lett. 2, ael2017.06.0020 (2017).

29. Wachholz, A. et al. Stoichiometry on theedge—humans inducestrong
imbalances of reactive C:N:P ratios in streams. Environ. Res. Lett. 18,
044016 (2023).

30. Maier, G. et al. Estuarine eutrophication in the UK: current incidence
and future trends. Aquat. Conserv.: Mar. Freshw. Ecosyst. 19, 43–56
(2009). (2009).

31. Paerl, H. W. et al. It Takes Two to Tango: When and Where Dual
Nutrient (N & P) Reductions Are Needed to Protect Lakes and
Downstream Ecosystems. Environ. Sci. Technol. 50, 10805–10813
(2016).

32. Finlay, J. C., Small, G. E. & Sterner, R. W. Human influences on
nitrogen removal in lakes. Science 342, 247–250 (2013).

33. Bernhardt, E. S. Cleaner lakes are dirtier lakes. Science 342, 205–206
(2013).

34. Bowes,M. J. et al. Identifyingmultiple stressor controlsonphytoplankton
dynamics in the River Thames (UK) using high-frequency water quality
data. Sci. Total Environ. 569, 1489–1499 (2016).

35. Neal, C. et al. Silicon concentrations in UK surface waters. J. Hydrol.
304, 75–93 (2005).

36. Edwards, A. M. C. Silicon depletions in some Norfolk rivers. Freshw.
Biol. 4, 267–274 (1974).

37. Environment Agency. Climate change and eutrophication risk
thresholds in English rivers. 2019. https://assets.publishing.service.
gov.uk/media/5d44033640f0b674a05756b5/Climate_change_and_
eutrophication_risk_in_English_rivers__-_report.pdf.

38. Pathak, D. et al. Hourly Prediction of Phytoplankton Biomass and Its
Environmental Controls in Lowland Rivers.Water Resour. Res. 57,
e2020WR028773 (2021).

39. Pathak, D. et al. High-resolution water-quality and ecosystem-
metabolism modeling in lowland rivers. Limnol. Oceanogr. 67,
1313–1327 (2022).

40. Bowes, M. J. et al. Predicting river phytoplankton blooms and
community succession using ecological niche modeling. Limnol.
Oceanogr. 69, 1404–1417 (2024).

41. Marsh, T. & Harvey, C. L. The Thames flood series: a lack of trend in
flood magnitude and a decline in maximum levels. Hydrol. Res. 43,
203–214 (2012).

42. Bowes, M. J. et al. Spatial and temporal changes in chlorophyll-a
concentrations in the River Thames basin, UK: Are phosphorus
concentrations beginning to limit phytoplankton biomass? Sci. Total
Environ. 426, 45–55 (2012).

43. Bowes, M. J. et al. Nutrient and light limitation of periphyton in the
River Thames: Implications for catchment management. Sci. Total
Environ. 434, 201–212 (2012).

44. Hannaford, J. Climate-driven changes in UK river flows: A review of
the evidence. Prog. Phys. Geogr.-Earth Environ. 39, 29–48 (2015).

45. Duong, T. (2022). Package ‘ks’. Version 1.13.4 Kernel Smoothing
https://cran.r-project.org/web/packages/ks/ks.pdf.

46. Moorhouse, H. L. et al. Characterisation of a major phytoplankton
bloom in the River Thames (UK) using flow cytometry and high
performance liquid chromatography.Sci. Total Environ. 624, 366–376
(2018).

47. Hecht J. S. et al. Modeling the sensitivity of cyanobacteria blooms to
plausible changes in precipitation and air temperature variability. Sci.
Total Environ. 812 (2022).

48. Li, R. A. et al. Effects of temperature and macronutrients on
phytoplankton communities across three largely different lakes
identified by a time-space trade-off approach. Ecol. Inform. 29,
174–181 (2015).

49. Whitehead P. G. et al. A cost-effectiveness analysis of water security
and water quality: impacts of climate and land-use change on the
River Thames system. Philos. Trans. R. Soc. a-Math. Phys. Eng. Sci.
371, 20120413 (2013).

50. Costa, D. et al. Impact of climate change on catchment nutrient
dynamics: insights from around the world. Environ. Rev. 31, 4–25
(2023).

51. Hutchins, M. G. et al. Which offers more scope to suppress river
phytoplankton blooms: Reducing nutrient pollution or riparian
shading? Sci. Total Environ. 408, 5065–5077 (2010).

52. Halliday, S. J. et al. Riparian shading controls instream spring
phytoplankton and benthic algal growth. Environ. Sci.: Process.
Impacts 18, 677–689 (2016).

53. Sharpley, A. et al. Phosphorus legacy: overcoming the effects of past
management practices to mitigate future water quality impairment. J.
Environ. Qual. 42, 1308–1326 (2013).

https://doi.org/10.1038/s43247-024-01978-4 Article

Communications Earth & Environment |            (2025) 6:62 8

https://www.wfduk.org/sites/default/files/Media/UKTAG%20Phosphorus%20Standards%20for%20Rivers_Final%20130906_0.pdf
https://www.wfduk.org/sites/default/files/Media/UKTAG%20Phosphorus%20Standards%20for%20Rivers_Final%20130906_0.pdf
https://www.wfduk.org/sites/default/files/Media/UKTAG%20Phosphorus%20Standards%20for%20Rivers_Final%20130906_0.pdf
https://www.wfduk.org/sites/default/files/Media/UKTAG%20Phosphorus%20Standards%20for%20Rivers_Final%20130906_0.pdf
https://assets.publishing.service.gov.uk/media/5d44033640f0b674a05756b5/Climate_change_and_eutrophication_risk_in_English_rivers__-_report.pdf
https://assets.publishing.service.gov.uk/media/5d44033640f0b674a05756b5/Climate_change_and_eutrophication_risk_in_English_rivers__-_report.pdf
https://assets.publishing.service.gov.uk/media/5d44033640f0b674a05756b5/Climate_change_and_eutrophication_risk_in_English_rivers__-_report.pdf
https://assets.publishing.service.gov.uk/media/5d44033640f0b674a05756b5/Climate_change_and_eutrophication_risk_in_English_rivers__-_report.pdf
https://cran.r-project.org/web/packages/ks/ks.pdf
https://cran.r-project.org/web/packages/ks/ks.pdf
www.nature.com/commsenv


54. Withers, P. J. A. et al. Reducing soil phosphorus fertility brings
potential long-term environmental gains: A UK analysis. Environ. Res.
Lett. 12, 063001 (2017).

55. Sharpley, A. et al. Managing crop nutrients to achieve water quality
goals. J. Soil Water Conserv. 74, 91A–101A (2019).

56. Kleinman, P. J. A. et al. Addressing conservation practice limitations
and trade-offs for reducing phosphorus loss from agricultural fields.
Agric. Environ. Lett. 7, e20084 (2022).

57. Macrae, M. et al. One size does not fit all: Toward regional
conservation practice guidance to reduce phosphorus loss risk in the
Lake Erie watershed. J. Environ. Qual. 50, 529–546 (2021).

58. Lawton, G. The state of British rivers. N. Scientist 257, 42–45 (2023).
59. Whitty, C., Cox, J. and Howard Boyd, E. Sewage in water: a growing

public health problem. https://www.gov.uk/government/news/
sewage-in-water-a-growing-public-health-problem (2022).

60. Rowe, M. Britain’s Water Crisis. Geographical Magazine https://
geographical.co.uk/science-environment/britains-water-crisis
(2023).

61. Worrall, F., Howden, N. J. K. & Burt, T. P. A 125 year record of fluvial
calcium flux from a temperate catchment: Interplay of climate, land-
use change and atmospheric deposition. J. Hydrol. 468–469,
249–256 (2012).

62. AgCensus. Agricultural Census Data for the U.K. https://agcensus.
edina.ac.uk/.

63. Johnes, P., Moss, B. & Phillips, G. The determination of total nitrogen
and total phosphorus concentrations in freshwaters from land use,
stock headage and population data: testing of a model for use in
conservation and water quality management. Freshw. Biol. 36,
451–473 (1996).

64. Fertiliser usage. Results from the British Survey of Fertiliser Practice.
https://www.gov.uk/government/collections/fertiliser-usage.

65. Mattikalli, N. M. & Richards, K. S. Estimation of surface water quality
changes in response to land use change: application of the export
coefficientmodel using remote sensing and geographical information
system. J. Environ. Manag. 48, 263–282 (1996).

66. Worrall, F. & Burt, T. P. Inter-annual controls on nitrate export from an
agricultural catchment—How much land-use change is safe? J.
Hydrol. 243, 228–241 (2001).

67. Office of National Statistics. Estimates of the population for England and
Wales. https://www.ons.gov.uk/peoplepopulationandcommunity/
populationandmigration/populationestimates/datasets/estimatesofth
epopulationforenglandandwales.

68. NationalRiver FlowArchive.Meandailyflowdata for theRiver Thames
at Kingston. https://nrfa.ceh.ac.uk/data/station/meanflow/39001.

69. Burt, S. & Burt, T. Oxford Weather and Climate since 1767, Oxford
University Press, 544 pp (2019).

70. Daily air temperature data from the Radcliffe Observatory site in
Oxford. https://www.geog.ox.ac.uk/research/climate/rms/daily-
data.html.

71. U.K. Water Quality Sampling Harmonised Monitoring Scheme
Detailed Data https://www.data.gov.uk/dataset/44eff0f3-6ae2-4b9f-
b75b-527ffb9fd57a/uk-water-quality-sampling-harmonised-
monitoring-scheme-detailed-data.

72. Water Quality Data Archive https://environment.data.gov.uk/water-
quality/view/landing.

73. Jarvie, H. P., Withers, P. J. A. & Neal, C. Review of robust measurement
of phosphorus in river water: sampling, storage, fractionation and
sensitivity. Hydrol. Earth Syst. Sci. 6, 113–132 (2002).

74. Hamlin, C. A. Science of Impurity. Water Analysis in Nineteenth
Century Britain. University of California Press (1990).

75. Simpson, E. A. The Harmonization of the monitoring of the quality of
rivers in the United Kingdom. Hydrol. Sci. Bull. 25, 13–23 (1980).

76. Earl, T. J., Upton, G. J. G. & Nedwell, D. B. UK catchment nutrient
loads 1993–2003, a new approach using harmonised monitoring

scheme data: temporal changes, geographical distribution, limiting
nutrients and loads to coastal waters. Environ. Sci.-Process. Impacts
16, 1646–1658 (2014).

77. DoE (Department of the Environment). Analysis of Raw, Potable and
Wastewaters. HMSO. 302pp. (1972).

78. Standing Committee of Analysts. http://standingcommitteeofanalysts.
co.uk/.

79. R Core Team. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria
https://www.R-project.org/ (2023).

Acknowledgements
H.P.J. acknowledges funding from the Natural Sciences and Engineering
ResearchCouncil of Canada (NSERC) (DiscoveryGrant # RGPIN-2022-03331).

Author contributions
H.P.J.: Conceptualization; formal data analysis; writing the original
manuscript; N.J.K.H.: Conceptualization; transcribing of archival material
and provision of historical water quality data records; and contributions to
writing the manuscript; F.W.: Conceptualization, collation of historical land-
use data and provision of the total fertilizer and manure phosphorus appli-
cations dataset; and contributions to writing the manuscript; T.P.B.: Con-
ceptualization; collation of historical meteorological data and river water
temperature records; and contributions to writing the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s43247-024-01978-4.

Correspondence and requests for materials should be addressed to
Helen P. Jarvie.

Peer review informationCommunications Earth & Environment thanks the
anonymous reviewers for their contribution to the peer review of this work.
Primary Handling Editors: Heike Langenberg. A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to thematerial. If material
is not included in thearticle’sCreativeCommons licenceandyour intended
use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-
nc-nd/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s43247-024-01978-4 Article

Communications Earth & Environment |            (2025) 6:62 9

https://www.gov.uk/government/news/sewage-in-water-a-growing-public-health-problem
https://www.gov.uk/government/news/sewage-in-water-a-growing-public-health-problem
https://www.gov.uk/government/news/sewage-in-water-a-growing-public-health-problem
https://geographical.co.uk/science-environment/britains-water-crisis
https://geographical.co.uk/science-environment/britains-water-crisis
https://geographical.co.uk/science-environment/britains-water-crisis
https://agcensus.edina.ac.uk/
https://agcensus.edina.ac.uk/
https://agcensus.edina.ac.uk/
https://www.gov.uk/government/collections/fertiliser-usage
https://www.gov.uk/government/collections/fertiliser-usage
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/estimatesofthepopulationforenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/estimatesofthepopulationforenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/estimatesofthepopulationforenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/estimatesofthepopulationforenglandandwales
https://nrfa.ceh.ac.uk/data/station/meanflow/39001
https://nrfa.ceh.ac.uk/data/station/meanflow/39001
https://www.geog.ox.ac.uk/research/climate/rms/daily-data.html
https://www.geog.ox.ac.uk/research/climate/rms/daily-data.html
https://www.geog.ox.ac.uk/research/climate/rms/daily-data.html
https://www.data.gov.uk/dataset/44eff0f3-6ae2-4b9f-b75b-527ffb9fd57a/uk-water-quality-sampling-harmonised-monitoring-scheme-detailed-data
https://www.data.gov.uk/dataset/44eff0f3-6ae2-4b9f-b75b-527ffb9fd57a/uk-water-quality-sampling-harmonised-monitoring-scheme-detailed-data
https://www.data.gov.uk/dataset/44eff0f3-6ae2-4b9f-b75b-527ffb9fd57a/uk-water-quality-sampling-harmonised-monitoring-scheme-detailed-data
https://www.data.gov.uk/dataset/44eff0f3-6ae2-4b9f-b75b-527ffb9fd57a/uk-water-quality-sampling-harmonised-monitoring-scheme-detailed-data
https://environment.data.gov.uk/water-quality/view/landing
https://environment.data.gov.uk/water-quality/view/landing
https://environment.data.gov.uk/water-quality/view/landing
http://standingcommitteeofanalysts.co.uk/
http://standingcommitteeofanalysts.co.uk/
http://standingcommitteeofanalysts.co.uk/
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1038/s43247-024-01978-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/commsenv

	A 150-year river water quality record shows reductions in phosphorus loads but not in algal growth potential
	Results and discussion
	Impacts of urbanization and agricultural intensification
	A mixed picture of successes and challenges in water-quality management
	Blooming algae: diatom growth and silica depletion
	Warming waters: increasing the potential for nuisance and harmful algal blooms
	Reductions in phosphorus loads but not in algal growth potential

	Conclusions
	Methods
	Total P fertilizer and manure P application data for the Thames catchment
	Population data
	River flow data
	Meteorological and river water temperature data
	Water quality data
	Data presentation and analysis

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




