
IPSW 2009

Prague

PrioritisationPrioritisation
of emerging pollutants of emerging pollutants ––
where to focus the future where to focus the future 

research?research?

NORMAN expert group meetingNORMAN expert group meeting

Prague, 27Prague, 27thth May 2009May 2009



IPSW 2009

Prague

Two areas of researchTwo areas of research

Technology
application

Technology and 
methodology
development
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Existing passive Existing passive 
sampling techniquessampling techniques

Sub areas:Sub areas:

hydrophobichydrophobic organic compounds, e.g. organic compounds, e.g. POPsPOPs
polarpolar (hydrophilic) organic compounds such as (hydrophilic) organic compounds such as 
pharmaceuticals, polar pesticides and illicit drugspharmaceuticals, polar pesticides and illicit drugs
trace metals and trace metals and organometallicorganometallic compoundscompounds
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Differences in sampling principlesDifferences in sampling principles

Hydrophobic compounds Polar compounds
Metals

Driving force Sampler/water 
partition coefficient

Log KSW ≈ log Kow

independent 
on concentration

Uptake
process Diffusion     Absorption Diffusion       Adsorption

Adsorption distribution

KSW ≈ Kc1/n

Adsorption isotherms 
– dependent 

on concentration

Speciation Usually single form sampled many compounds dissociate
multiple pKa - multiple species

Receiving
phase
selection

Single receiving phase 
for a broad range of compounds

A range of phases  
to optimise performance
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Differences in sampling principlesDifferences in sampling principles

Hydrophobic compounds Polar compounds

Desorption
kinetics Absorption and desorption

kinetics are isotropic
Ke(uptake) = ke(release)

Mass
transfer

Membrane control log Kow < 3
WBL control log Kow > 3

WBL control 
For most analytes

Desorption NOT isotropic
with adsorption

-desorption from multiple
binding sites

In situ
calibration

Performance reference 
compounds

PRC use questionable
more research 

needed

Most emerging
compounds
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Understanding of principlesUnderstanding of principles

Sorption coefficientsSorption coefficients
Interaction of sampled compounds with Interaction of sampled compounds with 
materials used for sampler constructionmaterials used for sampler construction
experimental data needed experimental data needed 
adsorption/adsorption/desorptiondesorption modelsmodels
predictive models predictive models –– Quantitative Structure Quantitative Structure 
Property Relationships (QSPR)Property Relationships (QSPR)
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Understanding of principlesUnderstanding of principles

Mass transfer coefficientsMass transfer coefficients
Applicability of the PRC approach in Applicability of the PRC approach in 
adsorbent based passive samplers for polar adsorbent based passive samplers for polar 
compoundscompounds
Model the performance of passive sampler in Model the performance of passive sampler in 
situations where concentrations of pollutants situations where concentrations of pollutants 
fluctuatefluctuate
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Combination of passive samplers Combination of passive samplers 
with bioassayswith bioassays

Detection and subsequent identification of Detection and subsequent identification of 
biologically relevant compoundsbiologically relevant compounds
Linking chemical with Linking chemical with ecotoxicologicalecotoxicological
information  information  -- focus and prioritize future focus and prioritize future 
research efforts on compounds with the highest research efforts on compounds with the highest 
hazardous impacthazardous impact
Assessment of organism exposureAssessment of organism exposure
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Applications in Applications in ecotoxicityecotoxicity
assessmentassessment

Use of extracts from passive samplers in Use of extracts from passive samplers in 
bioassaysbioassays
development of contact bioassays compatible development of contact bioassays compatible 
with passive sampler receiving phaseswith passive sampler receiving phases
Development of TIE schemes for passive Development of TIE schemes for passive 
samplerssamplers
Development of Development of biomimeticbiomimetic techniques techniques 
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Calibration of devicesCalibration of devices

Evaluation of the effect of many factors Evaluation of the effect of many factors 
needed:needed:

Water flow and turbulenceWater flow and turbulence
TemperatureTemperature
BiofoulingBiofouling
Presence of colloids/particulate matterPresence of colloids/particulate matter
SalinitySalinity
pHpH
complex mixtures of contaminantscomplex mixtures of contaminants
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Calibration of devices Calibration of devices 

Calibration methods to measureCalibration methods to measure
Sampler/water partition coefficientsSampler/water partition coefficients
Sampling ratesSampling rates

Static exposure designStatic exposure design
Static renewal designStatic renewal design
Continuous flow designContinuous flow design
In situIn situ calibration calibration 
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Novel materials in sampler Novel materials in sampler 
constructionconstruction

Novel types of Novel types of sorbentsorbent materialsmaterials
Ionic liquidsIonic liquids
Molecularly imprinted polymersMolecularly imprinted polymers
ImmunoadsorbentsImmunoadsorbents

Membrane materials for selective Membrane materials for selective 
diffusion of certain speciesdiffusion of certain species
Configuration of specific devices to Configuration of specific devices to 
monitor well defined fractions and speciesmonitor well defined fractions and species
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MiniaturisationMiniaturisation of devicesof devices

Small devices are less expensiveSmall devices are less expensive
lower cost of materiallower cost of material
reduced equipment requirements for deploymentreduced equipment requirements for deployment
lower volumes of solvents are consumedlower volumes of solvents are consumed
easy transportationeasy transportation
no depletion of sampled mediumno depletion of sampled medium

Disadvantage: sometimes compromised Disadvantage: sometimes compromised 
sensitivitysensitivity
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Quality assurance/quality controlQuality assurance/quality control

Method validation and PT schemesMethod validation and PT schemes
Standards for the use of passive Standards for the use of passive 
sampling devicessampling devices
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Where to start? Assess performance Where to start? Assess performance 
of aof available technologyvailable technology

SamplerSampler ConstructionConstruction Compounds collectedCompounds collected

SPMDSPMD SemiSemi--permeable membrane devices;permeable membrane devices;
flat tube of LDPE filled with flat tube of LDPE filled with trioleintriolein

HydrophobicHydrophobic semivolatilesemivolatile
organic organic compoundswithcompoundswith KKowow > 3> 3

Silicone sheetsSilicone sheets Sheets of Sheets of poly(dimethylsiloxanepoly(dimethylsiloxane) ) 
polymerspolymers

HydrophobicHydrophobic semivolatilesemivolatile
organic organic compoundswithcompoundswith KKowow > 3> 3

POCISPOCIS Solid Solid sorbentsorbent material enclosed in a material enclosed in a 
polyethersulphonepolyethersulphone membranemembrane

Polar pesticides andPolar pesticides and
PharmaceuticalsPharmaceuticals with log with log KKowow < 3< 3

MESCOMESCO PDMS rod enclosedPDMS rod enclosed in a membrane in a membrane 
made of regenerated cellulose or LDPEmade of regenerated cellulose or LDPE

Hydrophobic Hydrophobic semivolatilesemivolatile
organic compoundsorganic compounds withwith loglog KKowow > > 
33

CeramicCeramic
DosimeterDosimeter

Ceramic tube filled with a solidCeramic tube filled with a solid--phase phase 
sorbentsorbent material, closed with PTFE lidsmaterial, closed with PTFE lids

Groundwater Groundwater contamicontami--nantsnants with a with a 
broad range of broad range of physicophysico--chemical chemical 
propertiesproperties

DGTDGT Two layers ofTwo layers of acrylamideacrylamide gel mountedgel mounted
in a holder devicein a holder device

MMetallicetallic elementselements including the including the 
common heavy metals, common heavy metals, phosphophospho--
rousrous, , sulphidesulphide, , 9999TcTc

ChemcatcherChemcatcher A housing made of inert plastic, A housing made of inert plastic, 
containingcontaining
a disk of solid a disk of solid sorbentsorbent and a disk of and a disk of 
diffusion membrane.diffusion membrane.

Many Many taylortaylor--made versions; polar made versions; polar 
and and nonpolarnonpolar organics, metals, organics, metals, 
organometallicorganometallic compoundscompounds
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Performance characteristics of Performance characteristics of 
existing technologyexisting technology

A number of reviews has been published in the last 5 A number of reviews has been published in the last 5 
yearsyears
Compilation of data from recently published scientific Compilation of data from recently published scientific 
paperspapers
KeesKees BooijBooij prepared an overview (for ICES WGMS) of prepared an overview (for ICES WGMS) of 
the established and expected performance of PSthe established and expected performance of PS’’s in s in 
monitoring monitoring priority pollutantspriority pollutants
SSööderstrderströömm compiled POCIS performance compiled POCIS performance 
characteristics for characteristics for ccacca. 50 pharmaceuticals . 50 pharmaceuticals 
((J. Chromatogr. A 1216 (2009) 623J. Chromatogr. A 1216 (2009) 623––630630))
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Performance characteristics Performance characteristics 
of existing technologyof existing technology

H. H. SSööderstrderströömm J. Chromatogr. A 1216 (2009) 623J. Chromatogr. A 1216 (2009) 623––630630))

POCIS performance characteristics for POCIS performance characteristics for ccacca. 50 pharmaceuticals. 50 pharmaceuticals
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Overview on the Overview on the 
expected/potential performance expected/potential performance 

List of compoundsList of compounds
Applicability range Applicability range -- physicochemical properties (log physicochemical properties (log KKowow))
Stage of developmentStage of development

good and demonstrated performancegood and demonstrated performance
probably good but not demonstratedprobably good but not demonstrated
sampler is unlikely to perform wellsampler is unlikely to perform well

Detection limitsDetection limits
Time window over which sampling is integrativeTime window over which sampling is integrative
StrenghtsStrenghts and weaknesses (result uncertainty, ease of operation, and weaknesses (result uncertainty, ease of operation, 
cost analysiscost analysis……))
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Application range Application range 
of passive samplersof passive samplers

screening for the presence and absence of pollutants
investigating temporal trends in levels of contaminants
monitoring spatial contaminant distribution
tracing point and diffusive pollution sources (e.g. hospital 

effluent, waste water from drug manufactures, and illegal 
dumping)
speciation of contaminants
assessing pollutant fate and distribution between environmental

compartments
measuring TWA concentrations of pollutants
biomimetic sampling to estimate worst case organism exposure
assessing toxicity of  bioavailable pollutants in time integrated 

extracts from passive samplers



IPSW 2009

Prague

Issues addressedIssues addressed
capabilities and limitationscapabilities and limitations of the various passive samplers in relation to of the various passive samplers in relation to 
environmental conditions, ease of operation, cost, detection limenvironmental conditions, ease of operation, cost, detection limits, and quality its, and quality 
assurance and quality control assurance and quality control 
identification of emerging pollutants identification of emerging pollutants using PS coupled with using PS coupled with ecotoxicityecotoxicity
testing/chemical analysis testing/chemical analysis 
quantification of pollutantsquantification of pollutants, and the translation of laboratory calibrations to , and the translation of laboratory calibrations to 
field deploymentsfield deployments
techniques and materialstechniques and materials applicable for sampling "difficult" compounds e.g. applicable for sampling "difficult" compounds e.g. 
labile compounds, surfactants, groups of compounds with a speciflabile compounds, surfactants, groups of compounds with a specific ic 
toxicological mode of actiontoxicological mode of action
Utility and validity of the passive sampling technologies and meUtility and validity of the passive sampling technologies and methodologies thodologies 
within a within a regulatory contextregulatory context
Consensus approach to the Consensus approach to the normationnormation of passive sampling technologyof passive sampling technology
agreement on an agreement on an interlaboratoryinterlaboratory calibration studycalibration study
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Pharmaceuticals, personalPharmaceuticals, personal--care products, and other emerging polar care products, and other emerging polar 
pollutants of concern measured in rivers and treated sewage efflpollutants of concern measured in rivers and treated sewage effluent uent 
streams in Europe and the USA using the Polar Organic Chemical streams in Europe and the USA using the Polar Organic Chemical 

Integrative Sampler (POCIS) (Mills et al. 2007)Integrative Sampler (POCIS) (Mills et al. 2007)


	Prioritisation �of emerging pollutants – �where to focus the future research?�
	Two areas of research
	Existing passive �sampling techniques
	Differences in sampling principles
	Differences in sampling principles
	Understanding of principles
	Understanding of principles
	Combination of passive samplers with bioassays
	Applications in ecotoxicity assessment
	Calibration of devices
	Calibration of devices 
	Novel materials in sampler construction
	Miniaturisation of devices
	Quality assurance/quality control
	Where to start? Assess performance �of available technology
	Performance characteristics of existing technology
	Performance characteristics �of existing technology
	Overview on the �expected/potential performance 
	Application range �of passive samplers
	Issues addressed
	Pharmaceuticals, personal-care products, and other emerging polar pollutants of concern measured in rivers and treated sewage 

