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METHODS FOR UNDERSTANDING 
CHANGES IN WATER QUALITY 

Data collection 

Evaluating change for a number
of pollutants in catchments
of different sizes, either due 

to natural variability or Upstream
Thinking interventions, requires a
combination of different types of
data and information. In turn, teasing
out the appropriate information
uses a number of different analytical
techniques.The data used for this
project included: 
§ Water quality samples collected

during rainfall events and baseflow
from in-situ monitoring locations 

§ Continuous data and spot samples
routinely collected by SWW at
each of their assets, i.e. water 
treatment works (WTWs),
reservoirs and drinking water
abstraction points 

§ Passive sampling of acid herbicides
and metaldehyde in water, over
a continuous 6-week period at
multiple locations 

§ Flow and climatic data collected 
by the Met Office and the
Environment Agency 

Sample and data collection 
by the University of Exeter 
In reservoir catchments (i.e. Drift, 
Argal and Upper Tamar Lake), 
in-situ or semi-permanent monitoring
equipment was deployed in feeder
streams to characterise water quality
entering the reservoir using: 
§ Automated sensors placed in each

feeder stream to collect continuous 
data on river level, flow, turbidity,
conductivity and pH (Figure 1). 

§ Automated pump samplers
collected water samples at defined
times during rainfall events (Figure
2); samples were further analysed in
the laboratory for Soluble Reactive
Phosphorus (SRP),Total Oxidised
Nitrogen (TON), ammonium
(NH4), Colour and Dissolved
Organic Carbon (DOC). 

§ The impact of interventions on water quality was monitored using a 
wide range of datasets: in reservoir catchments, the University of Exeter 
monitored nutrient inputs in feeder streams during rainfall events; in 
river catchments, continuous monitoring data from South West Water at 
water treatment works was used. 

§ Chemcatchers© were used to detect pesticide levels during critical 
application times. 

§ All continuous data was subject to an automated data cleaning process to 
remove outliers, instrument drift and general noise in the data. 

§ As diffuse pollution generally occurs during high rainfall events, their 
automated separation in the continuous flow data allowed an objective
comparison between events across very large datasets. 

§ Additional tools enabled water quality during specific flow conditions
over time, and the likely source of pollution, to be understood. 

Figure 1 Continuous turbidity sensor 
(pointed out by the red arrow) and 
conductivity and pH sensors protected by 
black tubing (pointed out by the blue arrow) 
on the River Exe (Pixton gauging station); 
photo by Paul Henderson. 

Figure 2 Pump sampler at the 
feeder stream to Upper Tamar 

Lake where water quality is 
monitored for the Upstream 

Thinking project; photo by Paul 
Henderson. 

Upon return to the laboratory,
samples were filtered. Nutrient
concentrations were measured using
colorimetric analysis by continuous
flow analyser (SEAL,AA3, Figure 3);
DOC measurements were made 
by catalytic oxidisation combustion
technique with a total organic
carbon instrument (Shimadzu,
TOC-L, Figure 3) and colour analysis
was measured at 400 nm using a
spectrophotometer (BMG Labtech,
FLOUstar). 

South West Water data 

Figure 4 Chemcatcher deployment for pesticide 
measurement in Cornwall: disks are placed in 
a cage (above) that is then left in the river and 

will accumulate contaminants for that duration, 
thereby giving a picture of the detections in that 

time period; photo by Tim Ball (SWW). 

In river sites, water quality change at
a catchment scale was evaluated at 
SWW assets (i.e.WTWs), making
use of the wealth of data collected 
on a continuous basis.Water quality
sensors measuring parameters
like colour, turbidity, conductivity
and ammonia (when available)
are deployed in raw water from
rivers to assess the quality of the
water before treatment and make 
decisions on the treatment process
to follow. Further monitoring
throughout the treatment process
enables operators to check its
efficiency.
In addition, spot samples are
routinely collected by the water 

Figure 3 Samples were analysed for Dissolved 
Organic Carbon on a TOC-L analyser (Shimadzu, 

Japan) (left) and for nutrients using an 
AutoAnalyser (AA3, Seal Analytical, Wisconsin, 

USA) (right); photo by Emilie Grand-Clement. 

industry to meet regulatory
requirements (i.e. reporting to the
Drinking Water Inspectorate on
drinking water compliance) and
were used where appropriate.This
data includes: algae content, algae
species, nutrient content, and taste
and odour compounds, all of which
need to be treated out of the water 
before it is suitable for drinking. 
Passive samplers (i.e.
Chemcatcher©)1 were deployed in
key locations within each catchment
to measure acid herbicides and 
the pesticide metaldehyde (used
in slug pellets) detections during
two critical application times when
these chemicals are normally applied 

to agricultural land: 6 weeks in the
spring and 6 weeks in the autumn
of each monitoring year. The 
passive samplers’ disks are set up
in a metal cage placed in the river
and will accumulate contaminants 
over a period of time (Figure 4).
They provide a valuable resource
to identify the extent of herbicide
and pesticide use upstream of
SWW assets, as well as identifying
change between monitoring years.
These chemicals are very harmful to
humans if left untreated in the water 
column.As passive samplers provide
a Time Weighted Average (TWA)
concentration of each compound
during the deployment period,
they give an idea of the occurrence
of pollution and the average
concentration over time, but not the 
short-term response to individual
rainfall events. 

Other data (EA, Met Office)
A number of climatic variables were 
used to separate the influence
of rainfall or temperature on
water quality from the effects of
catchment management. Such data
originated from the Met Office (i.e.
temperature2 and rainfall data3)
and the Environment Agency4 

(i.e. river level and flow at gauging
stations). 

https://catalogue.ceda.ac.uk/uuid/1bb479d3b1e38c339adb9c82c15579d8
http://catalogue.ceda.ac.uk/uuid/82adec1f896af6169112d09cc1174499
https://nrfa.ceh.ac.uk/data/search
https://column.As
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METHODS FOR UNDERSTANDING CHANGES IN WATER QUALITY 

Methods of analysis 
Continuous data 

Continuous data collection 
(e.g. water quality, rainfall or
flow in multiple catchments,

every 15 minutes) over several
years at multiple sites yields very
large datasets. Data processing and
visualisation showed that drift in 
the instrument and general noise in
the data has to be removed before 
any detailed analysis can be done.
This was done using a number of
automated data cleaning filters with
additional manual checks (Figure
5 and Figure 6).The methods for
quality control and data cleaning
were selected based on the 
characteristics of each data set and 
the information available about the 
monitoring. Some data required
multiple stages of pre-processing to
remove errors and outliers before 
they could be used for analysis. 

Figure 5 Example plots of data processing and evaluation 
steps used to remove poor quality data: include fow, water 
quality signal and spot samples for a range of water quality 
parameters. The diferent ways to represent the data (with 

points plotted against time or compared with each other for 
each point in time) highlight statistical outliers and poor 

quality data (in green) that needs removing. 

Figure 6 Time series showing the continuous pH dataset (black 
line) in the River Exe on which a local outlier flter has been 

applied in order to isolate and remove datapoints (red crosses) 
that are not part of natural variability of the dataset. 

The importance of 
rainfall events 
As diffuse pollution from agricultural
activities tends to occur when 
contaminants are washed down the 
catchment by overland flow, rainfall
events are critical times to quantify
the occurrence of pollution in water
bodies. Such events can generate
a range of responses from water
quality parameters, which depend
mainly on the type and source of
the pollutant (Figure 7).These data
provide a precise picture of pollutant
variation during a narrow window
and enable us to quantify the load
of each pollutant during each rainfall
event.The rainfall event approach
was used both in the in-situ sampling
strategy carried out by the UoE, and
also in the analysis of continuous
data collected by SWW. 
The analysis of the continuous
data required the separation of
events based on river flow and
rainfall (Figure 8).The automation
of this process allowed an objective
comparison across the very large
datasets5. Event metrics were 
calculated to describe change in
each pollutant or flow response.
Over the course of a year, in large
rivers such as the Fowey or the Exe,
on average, 40 events per year were
extracted; in smaller, flashier streams,
like the feeder streams to reservoirs, 
the average number of rainfall
events extracted per year was 94.

Example of silted pond needing 
improved water drainage; Photo 

by Annabel Martin (WRT). 

METHODS FOR UNDERSTANDING CHANGES IN WATER QUALITY 

Figure 7 Rainfall 
in the catchment 

generating a response 
in rivers and streams 
(top), i.e. an increase 

in fow, and two 
diferent associated 

responses of water 
quality parameters: 

an increase (i.e. 
concentration) 

(middle) or a decrease 
(i.e.  dilution) 

(bottom). 

Figure 8 Rainfall 
and fow events 

were automatically 
identifed and 

combined using 
digitally fltered 

quick and slow 
fow estimates and 

dynamic thresholds 
(i.e. threshold that 

changes with the year 
and season, therefore 

enabling events to 
be identifed under 

diferent conditions). 
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METHODS FOR UNDERSTANDING CHANGES IN WATER QUALITY 

Flow duration curves 
One of the ways to identify different
types of flow (i.e. low or high flow)
is to use a flow duration curve
showing the proportion of time
where a specific flow level is reached
or exceeded (e.g. Figure 9A, with
more information on the calculation 
method found in the Glossary
section).  For example, in the feeder
stream to Upper Tamar Lake in the 

Figure 9 The fow duration curve 
(A) gives an indication of the 
fow experienced at 70%, 10% 
and 5% frequency, as shown by 
the dashed line linking % time 
equalled or exceeded (X axis) to 
the corresponding fow (Y axis); 
these fow values can then be 
applied to the fow time series (B) 
with the same colour dashed lines. 

Peak counting 
Another way to look at change is
to count the number of peaks of
contaminants and their magnitude
between different time periods
(Figure 10). For this purpose, a peak
is classified as a local maxima of
the 12 hour (flow and turbidity)
or 24 hour (colour) median which
exceeds the 5 day median. Local
maxima below the 5 day median
are considered to represent ‘normal
operating conditions’ (on a short
term). Once identified, they can be
counted and compared to the whole
record. 

period 2017-2019, the flow was at
least 0.5 m3 s-1 for 70% of the time 
(i.e. Q70). 
Using the flow duration curve
method, the following metrics were
calculated: 
§ Q5 and Q10, i.e. the flow equalled

or exceeded for 5% or 10% of the 
time respectively, were indicative of
high flow conditions;

River fencing; photo by Martin Ross, SWW. 

Figure 10 For simple 
peak counting 

the local maxima 
(orange triangles) 

in the short-term 
average (black 

line) which exceed 
the 5-day average 

(orange dashed 
line) are counted as 

peaks. 

§ Q95 and Q70, i.e. the flow
reached 95% or 70% of the time
respectively, were indicative of low
flow conditions).

These metrics were then used to 
apply limits to the corresponding
continuous timeseries of flow (Figure
9B) to identify low or high flow
conditions before performing further
data analysis on these subsets of data. 

METHODS FOR UNDERSTANDING CHANGES IN WATER QUALITY 

Figure 11  (A) Timeseries showing fow (blue line expressed in m3 s-1) and spot sample results of 
Total Oxidised Nitrogen (mg L-1) during a specifc rainfall event; (B) corresponding clockwise 
hysteresis loop representing fow (X axis) and matching TON concentration (Y axis) over time. 

through the catchment, and how
this changes over the seasons or
through time. For example, Figure
11 shows that, as flow increases
from the start of the event,TON 
concentration decreases until flow
has passed its maximum;TON
concentration starts to increase 
as flow reduces – also known as
clockwise hysteresis. Such a pattern
can indicate that the contaminant 
is being diluted by rain water
during storms, and further shows
a lack of input of diffuse pollution.
Anticlockwise hysteresis, and the
timing of the contaminant peaks in
relation to flow, can also indicate
the distance of pollutant sources.
For instance, the longer the lag
between contaminant and flow
peaks, the further the distance of
the contaminant sources. However, 
such behaviour is also impacted
by flashiness and how reactive the
catchment is. 
A combination of these methods 
will be used in the following
sections to identify water quality
change in each catchment. 

Hysteresis loops 
The behaviour of the pollution
during a rainfall event, i.e. whether 
the pollutant concentration
increases or decreases with 
changes in river flow, and whether
there is a delayed response in
contamination compared to
stream flow (or vice versa), can
be analysed by looking at the
hysteresis patterns, or the ‘looping’
of the relationships over time6. 
Figure 11 represents the change
in levels of a pollutant with flow
during an event, both as a time
series and as a ‘hysteresis loop’.
The shape and direction of these
hysteresis loops are analysed using
a number of different metrics, 
such as the Hysteresis Index and
loop area7,8.The comparison of
these metrics between sites or 
contaminants, along with other
information (such as conditions
before an event), can also be
used to gather information on the
behaviour and origin of diffuse
pollution in the catchment, based
on how long it takes to travel 

 Example of water samples 
collected after a rainfall event; 

photo by Alan Puttock (UoE). 
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