
GROUP 1 – CHEMICALS & EMERGING CONTAMINANTS
Tackling chemical contamination at source: a role for passive samplers?

The use of passive sampling devices for identification and 
quantification of pollutants in surface water catchments

Professor Gary R. Fones & Professor Graham A. Mills



The use of passive sampling devices for 
identification and quantification of pollutants 
in surface water catchments - Overview
• Monitoring chemical pollutants
• Passive sampling devices 
• Non-polar passive samplers
• Polar passive samplers
• Chemcatcher® passive sampler
• Examples of use of Chemcatcher® 
• Conclusions and future work



Monitoring chemical pollutants
• Currently the most widely used method for measuring 

concentrations of chemical pollutants in regulatory monitoring 
programmes is spot (bottle/grab) sampling followed by chemical 
analysis in remote laboratory.

This approach has a number of disadvantages:

• Cost (manpower/transport)

• Provides only a ‘snapshot’ of the pollution situation at the instant of 
sampling

• May not be representative of conditions where concentrations of 
pollutants fluctuate or are not homogeneous

• Issues of achieving detection limits (EQS) when low volume spot 
samples (1-5 L) are only collected

• Potential to generate misleading information on which management 
and remediation decisions are based?



Alternative approach – TWA passive sampler 
• Most monitoring programmes involve the periodic

collection of low volume spot samples of water (bottle or
grab) that are analysed subsequently in the laboratory

• Passive samplers can effectively concentrate pollutants
compared to spot sampling – lower analytical detection
limits

• Passive samplers can provide time-weighted-average
(TWA) and equilibrium concentrations over the
deployment time, rather than a snap shot at one moment

• Passive samplers can effectively concentrate pollutants
compared to spot sampling – lower analytical detection
limits (E[w]QSs)

• Passive samplers can provide time-weighted-average
(TWA) and equilibrium concentrations over the
deployment time, rather than a snap shot at one moment

• “Screening” mode for the presence or absence of
compounds

• Usually used in “detective work” to pinpoint sources of
pollution in a river catchment

• Samplers can subsequently be calibrated for these key
pollutants for a quantitative assessment of pollutant loads



Types of passive sampling devices by pollutant class
• Monitoring non-polar organic contaminants - partition/absorption

• Semi-Permeable Membrane Devices (SPMD)
• Low-density polyethylene membrane and silicone rubber strips/sheets
• Membrane Enclosed Sorptive Sampler (MESCO)
• SPME fibres – using various phases (like air monitoring)
• Chemcatcher® (Non-polar  version)
• Naked bound chromatographic disks (e.g. C18, C8)

• Monitoring polar organic contaminants - adsorption
• Polar Organic Compound Integrative Sampler (POCIS)
• Chemcatcher® (Polar  version)
• Naked bound chromatographic disks (e.g. SDB- and Oasis-based phases)
• Ion-exchange resins (anionic and cationic)
• Organic Diffusive Gradient in Thin films (o-DGT)

• Monitoring metals – chelating and other mechanisms
• Diffusive Gradient in Thin films Device (DGT)
• Chemcatcher® (Metals/organo-metals version)
• Ecoscope (ALcontrol AB)
• Various permeation devices (e.g. for mercury)

• Monitoring nutrients
• DGT
• Chemcatcher® (anion exchange disk)
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Passive samplers for non-polar priority pollutants

Partition-based samplers
Now a well established technology using strips or large sheets (e.g. 10 x 20 cm) 
of pre-cleaned low density
polyethylene (LDPE) or silicone rubber (PDMS).
Typically 2-4 week deployments or longer. 
High sampling rates 1-20 L/day water cleared, 
function of sampler size.
Some biofouling of surfaces.
Soxhlet extracted and concentrated for GC/MS.
Low LoD (~ pg/L) achieved over long deployments.
Useful to trying to reach very low WFD-EQS for 
some substances. 
High potential for acceptable use in WFD routine compliance monitoring.

LDPE/PDMS sheets fixed to 
deployment cage.
Use several sheets for different 
analyses. 





Polar and emerging (non-regulated) pollutants
Wide range of polar pesticides used in high volumes.
Pollutants of emerging concern arise from a plethora of product types and cover a wide range of 
chemical classes. 
Bio-terrorism/sabotage agents
Human personal care products such as essential oils, herbal medicines, anti-bacterials and 
fragrances
Veterinary medicines such as antibiotics and anti-parasitic agents
Hormones such as synthetic and natural estrogens and androgens
Human medicines – 10,000 plus drugs in use
Metabolites and environmental transformation products of man-made chemicals that are produced 
from biological, chemical and physical breakdown reactions – e.g. waste water treatment plants.
Several of these classes are now on WFD Watch List and expected to be fully regulated in future 
revisions of the List of Priority Substances.



Three main types of passive sampling device 
for polar and many emerging pollutants

Chemcatcher® Polar organic compound 
integrative sampler (POCIS) 

• Use adsorptive and/or ion-exchange mechanisms to sequester pollutants
• Smaller active sampling area (~ 5-45 cm2) compared to non-polar sampler designs
• Lower uptake rates ~ 5-100 mL/day across wide range of substances
• Generally uptake rates not affected significantly by water temperature and turbulence

Development lags behind that of non-polar 
polymer-based samplers for regulatory use.

O-DGT



The Chemcatcher® passive sampler
3 part PTFE body (Active sampling surface area ~ 20 cm2)

Different membranes (50 mm diameter)
Polyethersulphone, Low density polyethylene, Cellulose acetate 

Receiving phase (47 mm)
Affinisep disks

C18/C8
SDB-XC
SDB-RPS
Anion & Cation
Chelating
HLB

Phases bound into PTFE matrix – high loading/capacity

Biotage Atlantic® disks: polymeric HLB (Hydrophilic/Lipophilic Balanced) -
as used in the POCIS or DVB media bound in a glass fibre matrix.

Both disks used for extraction chemicals from water in the laboratory. 

High quality analytical chemistry SPE products, available worldwide.
Their use gives highly reproducible, simple passive samplers.



Time weighted average concentration
Time weighted average (TWA) concentrations (CW in ng L-1) 
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-1)
t = Chemcatcher deployment period (days)



Calibration of Chemcatcher for Rs



Applications of Chemcatcher

• Quantitative
• Acidic herbicides
• Metaldehyde
• Pharmaceuticals

• Qualitative/Screening
• Polar pesticides
• Pharmaceuticals
• Personal care products

End users of Chemcatcher



Upstream thinking – river catchment 
management project (Chemcatcher®)

Upstream Thinking is South West Water's flagship programme of 
environmental improvements aimed at improving water quality in river 
catchments in order to reduce water treatment costs.

The aim of the Upstream Thinking project is to improve land 
management so that water quality and quantity is improved 
at source, long before it reaches treatment works.  Working 
with local land owners and farmers to facilitate this.

Collaborative project using Chemcatcher® to detect point sources and measure 
concentrations of widely used and problematic herbicides in the Exe catchment.

Mecoprop, MCPA, tricolpyr and clopyralid herbicides  
widely used to control broad-leaved weeds and these 
compounds are very water soluble – easy to enter river.

Chemcatcher® detected spikes of herbicide pollution after 
rainfall events missed by spot sampling and approach is 
now being widely used by South West Water Ltd. and 
others in managing their river catchments. 

SEE - https://www.youtube.com/watch?v=f7Xzr4FIJmg



Catchment management – risk assessment



Chemcatcher®, slugs and metaldehyde
• Molluscicide widely used on vegetables and 

rapeseed
• Potential of alternative chemicals (ferric 

phosphate)
• Very stable, high solubility in water and mobile in 

the environment
• Hard to remove from water even using advanced 

treatment processes
• Has frequently exceeded 0.1 µg/L in treated water 

since monitoring began in mid-2000s
• A major concern for drinking water suppliers in UK

Cyclic tetramer of 
acetaldehyde 

• 31 March 2021 no further supply permitted 
• Distributors can still sell stocks and use can 

continue until 31 March 2022
• From 1st April 2022 it will then be illegal to sell 

and use metaldehyde products



Metaldehyde



Pharmaceuticals and personal care products



From Catchment To Tap: Source and fate of polar organic 
chemicals and their associated risks

• Chemcatcher passive sampling 
devices were deployed (14 days) 
over a 12 month period at eight 
sites (including a water supply 
works abstraction site) in the 
Western Rother, a river 
catchment in South East England. 

• Sample extracts (n = 197) 



Analysis of samples

• After retrieval the HLB-L disk was 
extracted and analysed at Natural 
Resources Wales (NRW) using a liquid 
chromatography/quadrupole time-of-
flight mass spectrometry (LC/Q-TOF/MS) 
technique 

• Screening used Bruker’s TargetScreening
software which identifies compounds 
based on combined scoring of mass 
accuracy, isotopic patterns, retention 
times and, MS/MS qualifier ion fragment 
data. Several versions such as 
PesticideScreener™ ToxScreener™ exist 
for different applications



• 128 pesticides from different classes were found

• Statistical analysis used to identify clusters of 
pesticides with similar spatiotemporal pollution 
patterns 

• This enabled pesticide sources and fate to be 
identified 

• Passive sampling detected 50 pesticides missed 
by spot sampling (targeted analysis) 

• 61 pesticides prioritised for inclusion in a future 
water quality risk assessment at the abstraction 
site

• Enables water quality managers to target the 
mitigation of pesticide pollution within the 
catchment and hence, to better inform drinking 
water treatment processes and save on 
operational costs 



Application of the Chemcatcher® for screening pharmaceuticals in 
the effluent of sewage treatment plants in Bangalore, India 

After retrieval the HLB-L disk was extracted and 
analysed using a liquid chromatography (Dionex
Acclaim RSLC) quadrupole time-of-flight mass 
spectrometry (Bruker Impact II; LC/Q-TOF-MS) 
technique. 

This method was able to screen samples against a 
data base (Bruker Target Screener v2.1) of over 
2,160 target compounds with known retention 
times and diagnostic mass ions. 



Application of the Chemcatcher® for screening pharmaceuticals in 
the effluent of sewage treatment plants in Bangalore, India 

• Pharmaceuticals identified included antibiotics 
(Azithromycin), antidepressants (Venlafaxine and 
Trimipramine), antifungal medication 
(Fluconazole), antihistamines (Fexofenadine and 
Cetirizine), anti-inflammatory drugs (Diclofenac 
and Naproxen), beta-blockers (Atenolol), epilepsy 
drugs (Carbamazepine) and painkillers (Tramadol 
and Codeine) 

• Semi-quantitative concentrations obtained using 
uptake rates from Petrie et al. (2016)

• Values were broadly in agreement with the range 
of concentrations found in the final effluent of UK 
waste water treatment plants (Petrie et al. 2015)

Over 200 relevant compounds 
were identified with the 
screening procedure using the 
LC/Q-TOF-MS technique. 

Concentrations are in ng L-1



• Chemcatcher® with a HLB receiving phase 
together with high-resolution tandem-mass 
spectrometry suspect screening

• Over 200 compounds, including pesticides, 
pharmaceuticals and personal care 
products, drugs of abuse and their 
metabolites were identified

• Many substances (~180) being detected for 
the first time in surface water in South 
Africa

• General medicines and psychotropic drugs 
were the two most frequently detected 
groups in the catchment (49%)

• Five most abundant compounds were 
caffeine > lopinavir > sulfamethoxazole > 
cotinine > trimethoprim



Conclusions and further work
• Passive sampling allows for time integrated sampling, capturing transient events that may be 

missed by low volume spot sampling

• Passive samplers can effectively concentrate pollutants compared to spot sampling – lower 
analytical detection limits (E[w]QSs)

• Quantitative and qualitative (screening) modes of operation

• Cost effective compared to high frequency spot sampling

• Field trials have shown Chemcatcher to be a useful tool in developing catchment management 
solutions 

• Other pollutants such as metals and nutrients can be monitored using different receiving 
phases

• Chemcatcher is commercially available 
• TELabs (Ireland) - https://chemcatcher.ie/

• New project – Screening of polar pollutants in the River Itchen and Test (Hampshire)

• Contact for further information or collaboration – Gary Fones (gary.fones@port.ac.uk) 
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The use of passive sampling devices for 
identification of polar pesticides in a water 
supply works (WSW)- Overview
• Research background, rationale and objectives
• Deployment of passive sampling devices in the study WSW
• Pesticides occurring in the WSW
• Trends in pesticide fate during drinking water treatment
• Comparison of spot and passive sampling
• Management of identified risks to potable water quality
• Conclusions



Polar pesticides in the environment

• Large quantities of polar pesticides are intentionally released into 
the environment as a consequence of their use and often impact 
potable water quality

• A pesticide is any product used to prevent damage caused by pests, 
such as weeds, insects and fungi

• The UK water industry currently faces increased risk from a range of 
emerging contaminants, including certain polar pesticides, which are 
more likely to migrate from the point of application and be 
recalcitrant to removal during drinking water treatment

• UK Water Industry Research (UKWIR) have set out several areas in 
which passive sampling could contribute to an increased 
understanding of water quality within the water industry



Rationale for this research

• Infrequent spot sampling and predetermined measurement suites may miss pesticide 
flux occurring between sample collection or for pesticides outside the measurement 
suite

• Temporally and analytically comprehensive monitoring could identify pesticides 
recalcitrant to removal without prior knowledge of timing or constituents of pollution

• Removal of recalcitrant pesticides through further treatment has prohibitive capital 
and operation costs, alternatively reducing pesticide pollution with targeted 
interventions at source is more economical 

• Improved understanding of attenuation and fate during drinking water treatment is 
needed for polar pesticides with stochastic occurrence in aqueous environments



Objectives of this research

• Conduct long term monitoring throughout the treatment stream of an operational 
WSW

• Use passive sampling, a time integrative method, to capture stochastic pesticide flux
• Use targeted screening to expand the pesticides included in the measurement suit 

without prior knowledge of those present
• Compare the results passive sampling and screening to operation monitoring 

preformed by the water utility in raw waters and throughout the treatment stream 
• Identify clusters of pesticides based on similarities in fate during treatment
• Identify seasonal risks posed by specific pesticides and develop an initial management 

plan to reduce this risk operationally and through additional monitoring



Sampling, analytical, and statistical methods

• The Chemcatcher® passive sampler containing a HLB 
receiving phase and Polyethersulfone diffusion membrane 
was deployed in the treatment stream of a WSW

• Targeted screening of extracts used liquid chromatography 
coupled with time-of-flight mass spectrometry (LC-Q-TOF) 
and a commercial screening database (at NRW)

• This approach produced qualitative data on occurrence of 
all pesticides present in the screening database amenable to 
sampling by this version of the Chemcatcher®

• Multivariate statistical analysis of qualitative data was 
performed to identify clusters of pesticides with similar fate 
and access pesticide attenuation



Sampling sites in the 
WSW treatment stream

• Six sites located throughout the treatment stream to 
account for the introduction of raw waters and 
pesticide attenuation during treatment processes 

• Abstraction occurs from three raw water sources (two 
surface water and one groundwater) 

• Deployments (n=20) occurred over twelve months

• Two passive sampling devices were deployed at each 
site for deployments of approximately 2.5 weeks

• The river abstraction/wellfield have a combined license 
(75 ML day-1), with a 36 ML day-1 groundwater limit 

• Bankside storage has a license of 10 ML day-1 in 
addition to a 15 ML day-1 transfer after Site 5



Passive sampling device deployment
• Chemcatcher® deployment 

enclosures were deployed 
beneath a running tap

• Water entered the enclosure 
at the bottom of the tank 
through a pipe 

• This caused the tank to fill 
and overtop to waste

• This setup maintained a 
constant flow at the 
sampling surface

a

b

c

a) Pipe with hole at top to let tap water enter and holes at bottom to 
allow eater to exit taking water to the bottom of the enclosure

b) Mount plate containing three Chemcatcher® passive sampling devices

c) Chemcatcher® passive sampling device



Pesticides identified by Chemcatcher®

• Passive sampling with Chemcatcher® coupled to screening identified 58 pesticides 
(defined as actives and other compounds in pesticide/biocide formulations)

• There were 647 total detections within 120 samples, with a mean of 5.4 pesticides 
detected per sample

• Approximately half of the identified pesticides have not been monitored within the 
DWTP previously and extensive monitoring has been performed for fewer still

• Pesticide detection frequency ranged from > 1% to 98%, but was > 50% for 56
• Fungicides and herbicides each accounted for 31% (18 compounds) of detected 

pesticides, whereas insecticides and TPs each made up just 16% (9 compounds)
• Detection was typically most frequent after the introduction of raw waters and 

generally decreased with addition treatment



Pesticides presence in catchment vs WSW

• During the preceding twelve months, catchment monitoring in the source waters of 
the studied WSW using the same version of the Chemcatcher® 

• Eleven pesticides present in the WSW were absent in the catchment 
• Fewer pesticides were detected in the WSW (n=58) vs the catchment (n=164)
• ~ 70 pesticides were detected at the abstractions to the WSW during catchment 

monitoring with ~ 20 of these absent in the WSW
• It is unsurprising that fewer pesticides are present, and occurrence is lower within the 

WSW, as treatment processes contribute to pesticide attenuation
• Several herbicides the were relatively abundant at the WSW abstractions during 

catchment monitoring (e.g. flufenacet) were absent in the WSW
• Ground water abstraction is the suspected source of pesticides only found in the WSW



Pesticides fate in the WSW

• The greatest number of pesticides occurred at Site 4 which was after the introduction 
of groundwater to the process stream and after ozonation

• Eleven pesticides were detected in treated waters at Site 6

Pesticide Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Totals

Pesticide count 34 23 40 48 21 11 58
Detection count 116 70 158 198 59 46 647
Mean detections per sample 5.8 3.5 7.9 9.9 2.95 2.3 5.4*1

No. pesticides absent previous site - 5 22 11 1 2 -
No. pesticides present previous site - 18 18 37 20 9 -
No. pesticides first occurrence 34 5 9 9 0 1 -
No. pesticides final occurrence 2 2 3 28 12 11 -
Reduction % no. occurrences - 40 -126 -25 70 22 -
Removal % no. pesticides - 32 -74 -20 56 48 -

*1 Mean detections per sample



Pesticides fate in the WSW cont.

• K-means clustering 
identified 6 clusters 
(0 - 5) of pesticides 
(n=23) with similar 
in fate between sites 
3 and 6

• Adsorption and 
chemical oxidation 
was responsible for 
most attenuation



Pesticides fate in the WSW cont.

• Cluster 0: progressive removal at sites 3, 4, 5, and 6, with 100% removal in treated

• Cluster 1: infrequent presence at sites 3, 4, 5, and 6 with 100% removal for all but 
foramsulfuron which was resistant to chlorination and thought to leach off GAC media

• Cluster 2: apparent negative removal during ozonation thought to be due to increased 
uptake/adsorption in conditioned water. Significant removal during GAC filtration and 
complete removal following chlorination for all but atrazine-desethyl. 

• Atrazine-desethyl: was resistant to chlorination and may have been introduced in the 
out of area transfer between sites 5 and 6. GAC breakthrough and leaching were 
observed for atrazine-desethyl during and following sustained pollution events, due to 
GAC media saturation/leaching



Pesticides fate in the WSW cont.

• Cluster 3: ozonation promoted uptake samplers to differing degrees, followed by 
progressive removal due to GAC and chlorination. Removal in treated was incomplete 
for three pesticides (DEET, metazachlor, and propyzamide)

• DEET: incomplete removal due to GAC filtration and chlorination ubiquitous in treated 
however treatment was responsible for a reduction in abundance (~ 70%)

• Metazachlor: GAC filtration responsible for 26 – 70% reduction in abundance, however 
GAC breakthrough occurred < 85% of the time. A reduction in abundance between 
sites 5 and 6 of 7 – 22% is thought to be due to dilution not chlorination

• Propyzamide: GAC breakthrough occurred a third of the time, removal efficacy and 
breakthrough abundance of GAC filtration were both greatest during peaks in 
pollution. Chlorination efficacy was high (~ 90%) where GAC breakthrough occurred 



Pesticides fate in the WSW cont.

• Cluster 4: ozonation had little effect on uptake and attenuation. Attenuation due to 
GAC filtration was high for these compounds (~ 60 – 85%), however breakthrough 
increased following periods of sustain occurrence. Dichlorobenzamide and atrazine 
were detected in the treated

• Atrazine: removal between sites 3 and 6 (~ 85%) only occurred due to GAC filtration
• Dichlorobenzamide: removal between sites 3 and 6 (~ 90%) occurred due to GAC 

filtration (~ 60%) and chlorination (~ 70%)

• Cluster 5: these pesticides occur irregularly and infrequently at sites 3, 4, 5, and 6 and 
are not thought to pose any risk to potable water quality at present



Comparation of passive and spot sampling

• Spot samples (n=300) were collected and analysed for routine monitoring purposes by 
the water utility, at five sites in raw and process waters over the study period

• Spot sampling detected 25 pesticides including seven missed by passive sampling, 
however all 25 pesticides were detected in previous passive sampling in the catchment

• Most detection in spot samples occurred in raw waters and propyzamide was the only 
compound to exceed the DWQS (0.1 µg L-1)

• Little insight into pesticide fate during treatment could be inferred from spot sampling
• Comparison of the detection frequency (occurrence) determined through each 

sampling method shows good agreement for certain pesticides and each method was 
complementary

• Passive sampling coupled to screening detected 40 pesticides missed by spot sampling



Managing the risk to WSW water quality

• Eleven pesticides were detected in treated drinking waters, totalling 46 detections
• Example controls, triggers and responses to manage risks to water quality at the WSW 

were devised for six pesticides thought to pose the greatest current and future risk
• The six pesticides thought to pose the greatest risk were metazachlor, propyzamide, 

atrazine, atrazine-desethyl, DEET, and dichlorobenzamide
• Controls, triggers and responses were informed by the results of passive sampling and 

can be expanded to other pesticides detected in the WSW if desired
• Controls, triggers, and responses were tailored to the seasonal risk posed by each 

pesticide and observed fate throughout the treatment stream



Example management plan: metazachlor
Risk Control Trigger Response

Metazachlor Enhanced 
monitoring 

1. Month is; May, June, September, October, November, December, or January
2. Detected in surface water or groundwater spot samples > 0.02 µg L-1

3. Detected at the GAC outlet in spot samples > 0.02 µg L-1

4. Detected in spot samples at the GAC inlet or outlet, or in treated water, > 0.04
µg L-1

5. Day five of daily sampling at the GAC inlet and outlet, and in treated water
6. Risk assessment indicates increasing trend in treated that may exceed 0.06 µg

L-1 or detected in spot samples at the GAC inlet or outlet, or in treated water, >
0.06 µg L-1

7. Detected in spot samples at the GAC inlet or outlet, or in treated water does
not reduce

8. Day five of daily sampling at surface water abstraction and in combined
boreholes

9. Concentration < 0.06 µg L-1 for two consecutive days in spot samples at the
GAC inlet or outlet, or in treated water

10. Concentration < 0.06 µg L-1 for three consecutive days in spot samples at the
GAC inlet or outlet, or in treated water

11. Concentration < 0.06 µg L-1 for five consecutive days in spot samples at the GAC
inlet or outlet, or in treated water

12. Concentration at the GAC inlet and outlet, and in treated water continue to fall

1. Weekly spot sampling at surface water abstraction and in combined
boreholes

2. Weekly spot sampling at the GAC outlet
3. Biweekly spot sampling at the GAC inlet and outlet, and in treated water
4. Daily spot sampling at the GAC inlet and outlet, and in treated water
5. Perform an assessment of GAC removal efficacy and trends in the

concentration in treated water
6. Adjust abstractions from surface waters and groundwater according to

concentration in most recent spot sample and maximise flow out of area
transfer

7. Daily spot sampling at surface water abstraction and in combined
boreholes

8. Perform daily assessment of occurrence in source waters, GAC removal
efficacy, and trends in the concentration in treated water

9. Stop daily spot sampling at surface water abstraction and in combined
boreholes

10. Stop daily assessment of occurrence in source waters, GAC removal
efficacy, and trends in the concentration in treated water

11. Perform assessment of occurrence in source waters, GAC removal
efficacy, and trends in the concentration in treated water to see is
abstractions and flow of out of area transfer can be adjusted

12. Cease responses once trigger thresholds are no longer met



Conclusions? 

• This study provides the first long-term characterisation 
of polar pesticide fate throughout the treatment of a 
WSW using the Chemcatcher®

• We detected 58 pesticides from multiple classes

• Trends in pesticide fate were interpreted in the 
qualitative screening data using multivariate statistics

• Discrete and integrative sampling methods were found 
to be complimentary, with 18 pesticides detected in 
both spot water samples and Chemcatcher® extracts

• Passive sampling had several benefits compared to 
spot sampling, in particular, increased sensitivity and 
temporally integrative sampling



Questions?

Email: adam.taylor@port.ac.uk


