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30+ Years of Passive Sampling- What’s Next?

Presentation Outline:
• Background history
• Passive sampling devices 
• Examples of DGT use
• Examples of Chemcatcher use
• The future?



30+ Years of Passive Sampling- What’s Next?
Background and history
• Passive samplers have been used since the 1920’s (biomonitoring) 
• Air monitoring in the 1970’s
• Water and sediment in the 1990’s

• DET, DGT, POCIS, SPMDs, SLMDs,                                  Silicone rubber, 
Chemcatcher 

• 1st March 1995 – my introduction to passive sampling
• DGT/DET in sediments - Lancaster 
• DGT in the water column - WHOI
• DGT & Chemcatcher - Portsmouth



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)



Passive samplers for non-polar 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.
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. 



Sediments – DET and DGT
• Metals, organometallics, nutrients and major cations



DGT – water column
• Metals, nutrients, radionuclides 



Woods Hole Oceanographic Institute (WHOI)
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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)
3M Empore™ disks

C18/C8
SDB-XC
SDB-RS
Anion & Cation
Chelating
Carbon

Phases bound into PTFE matrix – high loading/capacity
Or more recently:
Horizon 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.



Sampler selectivity
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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. 
Human medicines – 10,000 plus drugs currently in use
Hormones such as synthetic and natural estrogens and androgens
Human personal care products such as essential oils, herbal medicines, anti-bacterials and 
fragrances
Veterinary medicines such as antibiotics and anti-parasitic agents
Per- and polyfluoroalkyl substances (PFAS) – 15,000 plus chemicals

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.



30+ Years of Passive Sampling- What’s Next?

What do we currently do?
• Chemcatcher passive sampler
• 1D LC-MS (LC-QqQ, Q-TOF, Orbitrap)
• Targeted analysis of polar pollutants
• Non-target and suspect screening of 

polar pollutants in surface waters 
• Multivariate analysis to provide 

solutions for catchment 
management



30+ Years of Passive Sampling- What’s Next?
What do we currently do?
• Chemcatcher passive sampler
• Pesticides, pharmaceuticals and personal 

care products
• UK Rivers (Arun, Avon, Itchen, Rother, Test)
• Drinking water supply
• International – South Africa, Thailand, Israel 

(Ministry of Agriculture)



30+ Years of Passive Sampling- What’s Next?
What do we currently know and what don’t we know?
• Passive samplers have been used for:
• Metals, nutrients, cations, anions, organometallics, radionuclides and a wide 

range of organic contaminants (non-polar and polar)
• Sediments, surface water, drinking water, groundwater, wastewater
• Regulatory work, investigative work, EQs, 

• What’s missing and challenges
• Full chemical profiling – are we sequestering everything and able to analyse it?
• Why are we using passive samplers?



30+ Years of Passive Sampling- What’s Next?
Take advantage of new analytical techniques
• Two-dimensional liquid chromatography with high resolution ion mobility mass spectrometry 
• Waters SELECT SERIES Cyclic IMS – based at Southampton University (GCxGC as well) 
• “The lack of serially hyphenated separation capability hinders the complete chemical profiling of 

surface water and the currently unknown breakdown products”
• Identify polar compounds in more complex matrices (e.g., wastewater, leachates) 
• Identify previously undetected transformation products and metabolites 



The use of passive sampling devices and 2D LC-MS for identification 
and quantification of polar pollutants in surface waters

What will we be able to do
• Research into using novel receiving phases

• 2D can enable more polar compounds to be identified 

• Complex mixtures and impact on aquatic life
• New work with the Environment Agency (England)



30+ Years of Passive Sampling- What’s Next?
What can we do in the future
• New contaminants and compounds

• Full chemical profiling for polar organic contaminants 
• Per- and polyfluoroalkyl substances (PFAS) 
• Explosives
• Wider range of anti-biotics for AMR research
• Sediments? 

What should we continue to do
• Strengths of passive sampling

• TWA concentrations and EQs
• Areas difficult to obtain high resolution spot sampling
• Pre-concentration to lower detection limits
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