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Westcountry Rivers Trust
Background
• Dedicated to conserving & improving rivers and their associated catchments
across the entire region.
• Charitable Trust based near Callington, Cornwall on the edge of the Tamar Valley.
• Founded in a West Devon pub in 1994! Now celebrating our 25th anniversary.
• Original Trustees, all concerned about the declining state of West Country rivers,
included Ted Hughes (Poet Laureate).
• First employee was Arlin Rickard, now CEO of the Rivers Trust movement which
has over 50 member bodies across the entire UK.

• WRT now has over 50 staff comprising water quality specialists, fisheries experts,
farm advisors, GIS & mapping experts, ecologists, finance & marketing staff and
comms experts.
• Currently involved in around 120 different environmental projects.

SWW UPSTREAM THINKING PROJECT

Why Use Passive Sampling?
• Avoids ‘hit and miss’ nature of spot sampling.
• Can provide time weighted average (TWA) concentrations of pollutants passive samplers can be deployed for extended periods (weeks/months)

• Can reveal the relative pollution impact of individual tributaries within a
catchment
• Provides information regarding year-on-year trends in pollutant loadings.
• Useful for both targeted monitoring and screening
• Sometimes capable of detecting trace levels of pollution not readily seen
using spot sampling.

The Chemcatcher©
• Designed and patented by University of Portsmouth. Now marketed by
TelLab.
• Modified design developed in collaboration with AT Engineering for use in
metaldehyde trials.
• Widely used to monitor diverse range of pollutants in all types of waterbody
since late ‘90s.
• Features a receiving phase with a high affinity for the pollutants of interest.
• May include a diffusion limiting membrane to reduce bio-fouling and/or
extend deployment period.
• Receiving disk is mounted in a PTFE housing.
• Deployed in a protective stainless steel cage.

Chemcatcher© Components
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Chemcatcher Parts

1. Base Plate
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3. Protective Membrane (PES)

4. Retaining Ring
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2. Receiving Disk

Fully Assembled Sampler
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Chemcatcher© Deployment

Sampling cage (lid removed)

Cage lid with Chemcatchers attached

Cage after two week deployment

Chemcatcher deployment on R.Exe

Chemcatcher© Deployment

Sampling cage (lid removed)

Cage lid with Chemcatchers attached

Cage after two week deployment

Chemcatcher deployment on R.Exe

Method Development Protocol
• Key Stages
➢ identification of a suitable receiving phase for recovery of the target
compounds (filtration studies).
➢ derivation of procedure to interface passive sampling with the existing
routine method for analysis of target compounds in spot samples (GCMS or LC-MS).
➢ performance of a lab-based uptake study from the relevant matrix to
reveal uptake kinetics and provide key calibration parameters for each
target compound
➢ carefully controlled field trails to validate the developed methodology.

Chemcatcher Uptake Trials

Uptake Trial Test
Tanks

Chemcatchers Mounted in Carousel

Passive Sampler Uptake Profile

Time Weighted Average Concentration
Time weighted average concentrations (CW in ng/l)
can be derived from a simple equation:

where:

MS = mass of pollutant on Chemcatcher disk (ng)
M0 = mass of pollutant on field blank Chemcatcher disk (ng)
RS = sampling rate of pollutant (l/day)
t = Chemcatcher deployment period (days)

Metaldehyde – The Troublesome ‘Slug Slayer’!

R.I.P.
• Molluscicide widely used on cereals and OSR
• Very stable, high solubility and mobile in the
environment
• Hard to remove from water even using advanced
treatment processes
• Has frequently exceeded 0.1µg/L PCV in treated
water since monitoring began in mid-2000s.

Metaldehyde Receiving Phase

• Existing SWW lab method for analysing metaldehyde in spot
samples based on solid phase extraction using a
poly(divinylbenzene-vinylpyrrolidone) phase (TELOS ENVTM)
• AtlanticTM HLB-L is a type of receiving disk based on the same
chemistry
• Filtration studies using river water spiked with metaldehyde at
1µg/L indicated virtually quantitative recovery
• Metaldehyde can readily be recovered from loaded disks by
elution with ethyl acetate and analysed by GC-MS.

Mass of metaldehyde accumulated (µg)

Metaldehyde Uptake Profile
Calculated Parameters
Sampling Rate (Rs) = 0.099L/day
Half Life to equilibrium (t0.5) = 50 days

Time (h)

Metaldehyde Field Trials
• Key Questions
➢ Does the rank order of masses of metaldehyde captured at each site
correlate with concentrations seen in accompanying spot samples?
➢ How well do calculated TWA concentrations correlate with average
concentrations observed in spot samples?
➢ How reproducible are measurements at a given site?
➢ Is the Chemcatcher method suitable for highlighting the most polluting
tributaries?
➢ Can the method provide reliable TWA concentration data?

Collaborative Field Trials

Metaldehyde field trial, March 2014 - Stuart Knott (AWS), Ian
Townsend (SWW) and Martin Broom (SWW) at Pitsford Dam

Collaborative Field Trials
• 2013/14 season generally a quiet one for metaldehyde
•

Field trial in River Exe catchment in Nov 2013 drew a blank –
only pockets of arable farming, no pollution!

•

Anglian Water approached regarding collaborative field trial
in a suitably polluted catchment!

•

Agreed to carry out trials in catchments of Pitsford and
Grafham Reservoirs, both historically ‘slug slayer’ hotspots
with several separate feeder sources originating from arable
farming areas.

Field Trial Design
• Trial carried out over a 15 day period in late March 2014
•

Chemcatchers deployed in triplicate at nine different sites
(four in the Pitsford catchment & five at Grafham)

•

Accompanying spot samples collected at each site on six
occasions throughout the trial. Analysed for metaldehyde
and DOC at AWS laboratory in Huntingdon

•

On-site temperature, pH and flow velocity measured

•

Chemcatchers returned to SWW laboratory in Exeter and
analysed for metaldehyde to allow TWA values to be
calculated

•

Results of all analyses collated by SWW

Field Trial Results Summary
Location

Mass on Chemcatchers (ng)
Disk 1
Disk 2
Disk 3

Mean

Calculated TWA
Concentration (ng/l)

Average Spot Sample
Result (ng/l)

Pitsford Site A
Pitsford Site B
Pitsford Site C
Pitsford Site D

6
69
6
6

6
71
7
7

6
71
6
7

6
70
6
7

4
47
4
5

7
116
9
10

Grafham Site A
Grafham Site B
Grafham Site C
Grafham Site D
Grafham Site E

12
18
18
60
4

14
16
19
65
5

15
20
19
63
5

14
18
19
63
5

10
13
14
45
4

22
113
21
107
13

➢ Rank ordering of mean masses on Chemcatcher correlates well with that of the average
spot sample results (one exception).
➢ Reproducibility of masses of metaldehyde captured on Chemcatchers excellent at all sites.
➢ Calculated TWA values generally ~50% of the corresponding mean spot sample results

Initial Conclusions
•

The highly topical pollutant, metaldehyde could readily be
monitored via passive sampling.

•

Developed method was suitable for use in catchment
investigation studies in which the relative inputs of
different tributaries need to be evaluated.

•

Quantitative uptake data could be obtained during
deployments of at least 50 days but TWA concentrations
derived were biased low.

•

Further development work was required to improve the
accuracy of the procedure.

Metaldehyde – Recent Developments
•

More recent studies, part funded by NERC, have involved collaboration
between the University of Portsmouth, Natural Resources Wales, Anglian
Water & United Utilities.

•

The in-lab calibration of the Chemcatcher has been repeated using the
updated style of sampler and extensive field trials have been carried out
in various catchments comparing spot sampling results with TWA values.
An improved correlation has been observed compared with that shown
above.

•

The lab analysis of sampler extracts has been transferred from GCMS to
LCMS.

Publications detailing this work:
Castle GD, Mills GA, Bakir A, Gravell A, Schumacher M, Townsend I, Jones L, Greenwood R, Knott
S, Fones GR (2018) ‘Calibration and field evaluation of the Chemcatcher®passive sampler for
monitoring metaldehyde in surface waters’. Talanta. 179, pp. 57-63
Castle GD, Mills GA, Bakir A, Gravell A, Schumacher M, Snow K, Fones GR (2018) ‘Measuring
metaldehyde in surface waters in the UK using two monitoring approaches’. Environ. Sci.:
Processes Impacts, 2018,20, 118.

Acid Herbicides – What’s the Big Deal?

• Compounds such as mecoprop, MCPA, tricolpyr and clopyralid widely used
throughout the UK to control broad-leaved weeds in grassland.
• Highly water soluble and fairly persistent leading to frequent run-off.
• Regularly detected above PCV level (0.1µg/L) in major drinking water catchments,
particularly in much of the north & west of the UK.
• Some acid herbs are not readily removed from water , even using advanced treatment
processes (e.g. clopyralid, dicamba & quinmerac).

Acid Herbicides – What Do They Look Like?

Mecoprop (pKa 3.7)

Triclopyr (pKa 4.0)

MCPA (pKa 3.1)

Clopyralid (pKa 2.0)

Acid Herbicide Extraction Mechanism
Acid herbicides are recovered from the watercourse by formation of an ion pair
with the positively charged surface of an Empore anion exchange disk:
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Quaternary ammonium
group on anion
exchange disk

Ionised acid herbicide
molecule in water

Link to Routine Acid Herbs Method
•

•

•
•

Routine method used for water samples based on solid phase extraction
(SPE), methylation and analysis by gas chromatography-mass spectrometry
(GC-MS).
13 out of 16 compounds readily recovered from disks using 10% acetic acid in
ethyl acetate.
Of these, three showed serious losses during evaporation to remove acetic
acid (essential prior to methylation)
Based on the above and bearing in mind known usage patterns and
frequency of detections, nine out of 16 acid herbs selected for subsequent
uptake studies.

Uptake Profiles for Dichlorprop
Chemcatcher Without PES
Membrane

Chemcatcher With PES
Membrane
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Uptake Trial - Conclusions
•

•
•

Chemcatcher deployment without PES membrane
not feasible – equilibrium reached too rapidly &
problems with disk integrity.
Samplers give linear uptake for all nine acid
herbicides over periods of around 10-14 days.
Measured sampling rates in the approximate
range 50 to 100ml/day which is in good agreement
with published values for sampling of
corresponding pollutants with POCIS type passive
samplers.

Field Trial Design
•

Two phase deployment of Chemcatchers at
selected locations in the upper/middle reaches of
River Exe catchment in mid-Devon.

•

Carried out over fortnightly periods during peak
acid herbicide pollution ‘season’ (May-June 2013).

•

Accompanying routine acid herbicide water
samples taken at regular intervals during
deployments.

•

Spot samples taken for DOC/TOC and nitrate.

•

On site measurements of pH, temperature and
(where possible) flow velocity.

Chemcatcher Field Trial Locations

Phase I Deployment – Mecoprop Data
Location

Spot Sample Results (ng/l)

No. of positive results* Maximum
River Barle at Pixton Hill
0
n/a

Mass on Chemcatcher TWA Conc.
Disk (ng)
(ng/l)
<1

<1

<1

<1

River Exe at Exebridge

0

n/a

<1

<1

<1

<1

River Exe - Allers WTW
Intake
River Lowman (Tiverton)

1

Trace

1

2

2

2

7

868

108

112

103

77

River Exe u/s Tiverton
STW
River Exe d/s Tiverton
STW
River Exe at Thorverton

4

45

9

11

10

7

7

15

14

11

11

9

6

36

19

8

15

10

River Exe - Pynes WTW
Intake

7

80

27

23

21

17

* Out of a total of seven samples taken

River Barle at Pixton
Hill
River Exe at Exebridge

Spot
Passive
Spot
Passive

River Exe at Allers
Intake
River Lowman at
Tiverton
River Exe u/s Tiverton
STW
River Exe d/s Tiverton
STW
River Exe at Thorverton

Spot
Passive
Spot
Passive
Spot
Passive
Spot
Passive
Spot
Passive

River Exe at Pynes
Intake

Spot
Passive

Bentazone

Fluroxypyr

MCPB

Triclopyr

Bromoxyni
l

2,4-D

Dichlorpro
p

MCPA

Mecoprop

Dicamba

LOCATION

Sampling
Method

Phase I – Comparison of Sampling Methods

Phase II – Seriously Polluted Tributary
Pesticide

Clopyralid
Mecoprop

Spot Samples
(ng/l)
18Jun13 04Jul13
4554
23
<7
<7

Mass on Disk
(ng)
6
4

6
4

MCPA
Dichlorprop

<8
<8

<8
<8

152
2

181
2

Triclopyr

5029

24

117

134

Fluroxypyr

2089

27

66

77

Comments

Poor recovery from disk.
Trace level detected only by passive
sampling.
Major spike missed by spot sampling!
Trace level detected only by passive
sampling.
Effectively detected by passive
sampling.
Effectively detected by passive
sampling.

•Calverleigh stream – small tributary draining dairy farming area and joining
Exe just below Allers WTW intake
• Serious pollution with pyridine based acid herbs used to control pernicious
weeds in grassland.
• Passive sampling detected large spike of MCPA which appeared during
deployment of Chemcatcher (between spot samples).
• Traces of mecoprop & dichlorprop only detectable by passive sampling.

Pharmaceuticals Too?
• Which other acidic pollutants might be
recovered?
• Ibuprofen, naproxen & diclofenac
➢Heavily prescribed non-steroidal anti-inflammatory &
analgesic drugs
➢Known to occur in surface waters downstream of STW
outfalls
➢Acidic compounds with structural similarities to acid
herbicides

Diclofenac (pKa 4.2)

MCPA (pKa 3.1)

Pharmas in the Exe Catchment
Sampling Location

Mass on Chemcatcher Disk (ng)
Ibuprofen

Naproxen

Diclofenac

River Exe at Exebridge

3

4

<1

River Exe u/s Tiverton STW

7

6

<1

River Exe d/s Tiverton STW

36

69

2

River Exe - Pynes WTW Intake

15

30

<1

• Sampling method appears to work for these compounds.
• Not included in lab calibration studies but data still useful for comparing
sites and locating ‘blackspots’.
• Sampling rates can be estimated from work using other types of passive
sampler.
• Possible concern regarding residues in treated drinking water at works
with
upstream STW discharges and no advanced treatment (GAC)?

The Field Work Was Hell!

Summary
• A Chemcatcher based passive sampling method, using an anion exchange receiving
phase, has been developed for the monitoring of nine acidic herbicides in surface
waters.
• Quantitative data can be obtained over deployment periods of at least two weeks.
• Field trials have shown the technique to be capable of detecting spikes of pollution
missed by spot sampling.

• Concentrations of pollutants below the LOD of the routine acid herbicide spot
sampling method can be detected by passive sampling.
• Other acidic pollutants, including three commonly used pharmaceuticals, can also be
detected.
• Further development work has since been undertaken (at NRW) to enable the
monitoring of other important acidic herbicides (e.g. clopyralid & quinmerac) and to
transfer the analysis of disk extracts to LCMS.

The Team

(l-r): ‘Broomy’ (SWW) – technical whizz kid. Nick ‘Stumpy’ Palin (WRT) - GIS geek.
MrT (SWW) – general ‘dogsbody’. ‘Brains’ – Prof. Graham Mills (UoP).
‘Grav’ (NRW) – Anthony Gravell – passive sampling ‘guru’
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Publication detailing this work:
Townsend I, Jones L, Broom M, Gravell A, Schumacher M, Fones GR, Mills
GA (2018) ‘Calibration and application of the Chemcatcher®passive sampler
for monitoring acidic herbicides in the River Exe, UK’. Environ Sci Pollut Res
25:25130-25142

