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• in situ sampling in different matrices (e.g., water, 
sediment, soil)
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How to translate the sampler accumulated mixture back into 
the original bioavailable dissolved profile found in the field

• complete mixture profile sampled (even if not 
completely analyzed)

• bioavailable dissolved levels sampled

Passive sampling for measuring mixture toxicity:

Passive sampling and mixture toxicity



Sampling 1 to 175 h

Dosing phase

Sampling phase

Sampling 1 to 175 h

Medium (2% NaCl) Medium plus DOC

Aqueous samples Passive samplers

• Extraction & 

spiking 1
• Extraction & 

spiking 2

• Passive dosing

DOC sorbed

Dissolved

Passive sampler sorbed 

(PDMS disk with 1cm 

diameter & 76 µm thickness) 

Acenaphthene, phenanthrene, 

fluoranthene, benzo(a)pyrene

Legend:

1 5mL aqueous sample extracted, transferred 

into 50 µL DMSO, 10 µL spiked into test

2 L2 L

Passive sampling and mixture toxicity

2 One disk extracted, transferred into 50 µL 

DMSO, 10 µL spiked into test
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Passive sampling and mixture toxicity

• less hydrophobic PAHs faster 
equilibration

• more hydrophobic PAHs slower 
equilibration

• DOC increasing uptake kinetics 
of hydrophobic PAHs (enhanced 
diffusion)

Typical passive sampler uptake
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Sampler extraction and spiking
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• spiked mixture reflecting 
sampler kinetics

• initially dominated by 
lighter PAHs

• later dominated by 
heavier PAHs as approach 
equilibrium

Kinetic uptake

Equilibrium

Kinetic uptake

Equilibrium

“Once skewed always skewed”
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Passive sampler extraction and spiking

Solvent spiking anyhow results in poor 
exposure control
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• control Cfree and not Ctotal

• defined and constant Cfree

• no solvent

• analytical advantages

FreePolymer

Polymer

Free
K

C
C

/

Exposure concentration:

Passive dosing and exposure control

plus others …..
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Passive sampling and dosing
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• dosed mixture reflecting 
sampler uptake kinetics

• initially dominated by 
lighter PAHs

• equilibrium passive 
sampling and dosing 
recreating original mixture  

Kinetic uptake

Equilibrium

Kinetic uptake

Equilibrium

Saline medium

DOC medium
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Passive sampling and dosing
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• reflected in measured mixture 
toxicity

• initially passively dosed mixture 
wrong profile and too low levels

• later passively dosed mixture 
correct profile and levels

• same mixture toxicity in set-ups 
with and without DOC (= same 
bioavailable dissolved profile !!)

Mixture toxicity in Microtox bioassay



Literature on equilibrium sampling 
and dosing
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Equilibrium passive sampling and 
dosing using silicone



Equilibrium sampling and dosing in 
surface water

Wastewater 
inflow

Wastewater 
outflow

Saar 
River

Passive samplers in inflow and outflow of the Brebach
wastewater treatment plant (WWTP) as well as the receiving 
Saar River 

203 µm passive samplers slightly lower concentrations 
indicating partitioning equilibrium had not been fully 
reached in thicker disks

Passive samplers 10 x 10 cm PDMS silicone sheets with 
thicknesses of either 76 or 203 µm

LC-MS/MS analysis of 37 biocides, 6 pharmaceuticals and 4 
industrial chemicals

Exchanged at ca. 10 day intervals

Good agreement observed between duplicate passive 
samplers of each thickness

Equilibrium or not?
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Isoproturon as an example

Applies to polar compounds only !



Toxicity testing at environmental levels
• Equilibrium passive sampling and dosing: PDMS disks introduced directly 

into bioassay
• Solvent spiking : PDMS disk extracted in methanol, exchanged into DMSO 

and spiked into bioassay
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Sampler extraction and spiking higher mixture toxicity compared to passive dosing

• Contaminants up-concentration in polymer offsetting lack of buffering with spiking.

Microtox® assay as an example

Equilibrium sampling and dosing in 
surface water



Does this approach using silicone correctly measure
environmental mixture toxicity?
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Equilibrium sampling and dosing in 
surface water

• more hydrophobic compounds not reaching a partitioning
equilibrium during passive sampling (= under-represented in 
mixture toxicity)

• more polar compounds not adequately buffered during
passive dosing (= under-represented in mixture toxicty)

NO !!



Silicones also most common passive dosing pase:
• practical
• biocompatible
• low internal resistance (no internal gradients)
• required affinity for hydrophobic compounds
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Do not have high enough affinity for more polar 
contaminants

The importance of polymer affinity

Silicones great for passive sampling of certain compounds

Stability of concentration in polymer during 
passive dosing critical FreePolymer

Polymer

Free
K

C
C

/





What about a mixed polymer?

Pros
• pragmatic solution that can immediately applied
• in-house making of different formats (disks, coatings etc.)
• can be customised by varying SPE polymer types and amounts
• low ionization aretfacts in ESI

Cons
• complicated (main resistance to uptake? how does the silicone matrix

affect SPE polymer sorption?)
• sorption non-linear under certain conditions (e.g., mixtures, high 

concentrations)
15

Partioning to OASIS HLB®

Jeong et al. Chemosphere 174 
(2017) 297- 305.

For example, silicone
plus SPE polymers



Development of a mixed polymer

• Mixed polymer consisting of PDMS silicone embedded 
with 30 µm Oasis HLB® particles

• PDMS silicone (1000 – 0.001 µg, steps of 10) was used as 
a reference

• 1 mL of pH7 buffer added and spiked with a mixture of 
24 compounds

• Equilibrated before HPLC-MS/MS analysis

• Data for 1000 µg OASIS HLB® in 1000 µg 
PDMS

• Mixed polymer marked increased affinity

• Suitable for passive sampling and dosing?
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Mixed polymer passive sampling in waters

POCIS (integrative) and Mixed Polymer Sampler 
(equilibrium) deployed in parallel

Similar range of compounds detected (including
polar compounds)

Calculated dissolved concentrations similar
(especially considering range in POCIS sampling
rates)

Mixed polymer sampler lower ionization
suppression in ESI source of LC-MS/MS

Black + white bar = POCIS Dark grey bar = Mixed sampler 17

log D (pH7) 3.6 log D (pH7) 2.2 log D (pH7) 3.0

log D (pH7) 1.4 log D (pH7) 2.5 log D (pH7) 2.6

log D (pH7) 3.0log D (pH7) 1.8 log D (pH7) 2.9

Jeong et al. Submitted.



Direct passive dosing using OASIS HLB?

Master thesis: David Kampfer, RWTH Aachen, 2017.

OASIS HLB pre-loaded with PCP and phenanthrene

Direct passive dosing compared to pre-equilibration 
of cell medium in Neutral Red cytoxicity bioassay

Both approaches producing comparable results

OASIS HLB can be used as a passive dosing phase
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Why not use OASIS HLB directly for equilibrium passive sampling and dosing?



Thank you
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The starting point …..

𝑪𝒕𝒐𝒕𝒂𝒍,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕

𝑪𝒅𝒊𝒔𝒔𝒐𝒍𝒗𝒆𝒅,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕

In the field, biological effects result from exposure to mixtures of organic 
(and other) contaminants

Organism uptake driven by the bioavailable dissolved concentrations of the 
mixture constituents



• in situ sampling in different matrices (e.g., water, 
sediment, soil)

Measuring environmental mixture toxicity using laboratory bioassays requires:

• Sampling the complete mixture profile including unknown 
compounds

• Sampling the constituents at their bioavailable levels

• Reproducing and maintaining the bioavailable mixture 
profile in the bioassay

• complete mixture profile sampled (even if not 
completely analyzed)

• bioavailable dissolved levels sampled

Passive sampling:

Passive sampling and mixture toxicity



Seems to be a niche for polymers with a high affinity for 
both polar and non-polar compounds ..... 

Ideal would be a single phase polymer with similar characteristics to 
silicone

Does this exist?

….. but also a high affinity for polar and non-polar compounds


