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Monitoring pollutants in natural and waste water is essential to protect ecosystems 
and human health. 

Cw   Cs 

How it works: pollutants distribute between water and sampler phases driven by 
the difference in the pollutants‘ chemical potential in the two phases 

Passive sampling: Promising tool to measure freely dissolved concentrations of a 
broad range of pollutants. 

Introduction 
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Cw   Cs 

Advantages: clean samples with upconcentrated analytes; time weighted average 
(in kinetic mode); bioavailable concentration 

Monitoring pollutants in natural and waste water is essential to protect ecosystems 
and human health. 

Introduction 

Passive sampling: Promising tool to measure freely dissolved concentrations of a 
broad range of pollutants. 
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Cw   Cs 

Monitoring pollutants in natural and waste water is essential to protect ecosystems 
and human health. 

Introduction 

Passive sampling: Promising tool to measure freely dissolved concentrations of a 
broad range of pollutants. 

This approach was tested using silicone passive samplers for non - polar 
substances 
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Cw   Cs 

Kinetic region 

𝐶𝑆 = 𝐶𝑊 ∙ 𝐾𝑆𝑊 ∙ 1 − 𝑒𝑥𝑝−𝑘𝑒∙𝑡  
Equilibrium 

𝐶𝑆 = 𝐶𝑊 ∙ 𝐾𝑆𝑊 

Uptake kinetics have to be known  
Performance Reference Compounds: 
Sometimes expensive and not always 
available 

For very hydrophobic substances 
equilibrium attainment can take month 

CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml), KSW = equilibrium sampler to water partitioning coefficient,  

ke = uptake rate constant (1/h), t = time (h) 

Introduction 
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 same architecture 

 same hydrodynamic regime 

 

 

 same surface area  

 different volumes (Vthick and Vthin)  
 

 
 
 

 
 

Passive Sampling with two samplers of different thicknesses 

Temporal evolution of accumulated 
amounts (Nthick and Nthin): 

 

 

 

 

 

Temporal evolution of concentrations 
(Cthick and Cthin):   

 

 

 

 

Similar amounts 

…in equilibrium:  

Nthick/Nthin = Vthick/Vthin  
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Concentration Ratio Approach for Determining Dissolved 
Environmental Concentrations 

 

differences in amounts 
≈ measurement error 

CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml), KSW = equilibrium sampler to water partitioning coefficient 

Equilibrium sampling: 
𝐶𝑆 = 𝐶𝑊 ∙ 𝐾𝑆𝑊 

Hypothesis: When two samplers made of the same silicone material and with the same surface area 

but different volumes are deployed in parallel in the same hydrodynamic regime, measuring the ratio 

of their concentrations at a single point during the kinetic uptake phase allows the dissolved 

concentration in the surrounding medium to be determined. 
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C thin 

C thick 



ke,thin and ke,thick can be derived from measurements but also from theory: 

 

 
 

 

 

Considerations and Calculations 

CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml), KSW = equilibrium sampler to water partitioning 

coefficient, ke = uptake rate constant (1/h), t = time (h) 

From kinetic measurements: 
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When samplers are deployed in parallel: 

 

 

 

 

 

 

 

 

 
 

 

 

From theory: 
 

 

 

Same kO, same A and same KSW: 

 

 

 

 

 

 

 

 

 
 

 

 

CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml), KSW = partitioning coefficient, ke = uptake rate constant 

(1/h), t = time (h), kO = mass-transfer coefficient (cm/h), A = sampler surface area (cm2), VS = volume of the sampler (cm3) 

Considerations and Calculations 
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Concentration Ratio Approach - equation 



Stirred and unstirred system 

Constant dissolved concentrations via passive dosing sheets loaded 

with polycyclic aromatic hydrocarbons (PAHs) at ca. 0.1 ng/ml 

Water samples taken at start and end for extraction and analysis 

Passive samples – thick and thin PDMS discs (n=5 each) 

• A=1.57 cm2; V= 0.016 and 0.064 cm3; Ø=1cm 

• taken out at t = 8, 24, 56, 120 and 223 hours 

• extracted and analysed via GC-MS 

 

Experimental setup 
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Calculation example – Phenanthrene stirred 24 h 

 

(= where graph crosses the x axis) 

0 50 100 150 200 250

0

200

400

600

800

time [h]

C
s 

[n
g

/m
l]

thin sampler

thick sampler

Artificially vary Cw 

Look where equation approaches zero 

CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml), KSW = equilibrium sampler to water partitioning coefficient  
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Results - all timepoints  
Example: Phenanthrene stirred 

KINETIC UPTAKE REGIME 
CW calculated by different thicknesses approach 

 

EQUILIBRIUM 
CW calculated by Ksw 
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CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml), KSW = equilibrium sampler to water partitioning coefficient  

24 h 56 h 120 h 223 h 
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Results – early and late timepoint 
different substances – stirred and unstirred 

0,000

0,100

0,200

0,300

0,400

0,500

0,600

FLU stirred FLU unstirred PHE stirred PHE unstirred PYR stirred PYR unstirred BKF stirred

C
w

 [
n

g
/m

l]
 Cw measured C w sampler 56 h Cw sampler 223 h

0 50 100 150 200 250

0

100

200

300

400

500

time [h]

C
s 

[n
g

/m
l]

thin sampler

thick sampler

Phenanthrene static

0 50 100 150 200 250

0

200

400

600

800

time [h]

C
s
 [

n
g

/m
l]

0 50 100 150 200 250

0

100

200

300

400

500

time [h]

C
s
 [

n
g

/m
l]

0 50 100 150 200 250

0

100

200

300

400

500

time [h]

C
s
 [

n
g

/m
l]

thin sampler

thick sampler

0 50 100 150 200 250

0

100

200

300

400

time [h]

C
s
 [

n
g

/m
l]

0 50 100 150 200 250

0

1000

2000

3000

4000

5000

time [h]

C
s
 [

n
g

/m
l]

0 50 100 150 200 250

0

200

400

600

800

1000

time [h]

C
s
 [

n
g

/m
l]

0 50 100 150 200 250

0

100

200

300

time [h]

C
s
 [

n
g

/m
l]

thick sampler

thin sampler

CS = passive sampler conc. (ng/ml), CW = dissolved concentration (ng/ml)  
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Outlook 
 

Practical application: 

When an appreciable degree of equilibrium in at least 
the thin sampler is attained 

efficient possibility of determining environmental 
dissolved concentrations during kinetic sampling 

 

Limitations of approach: 

In those cases where sampling in the early stage of 
kinetic uptake is needed (e.g. highly hydrophobic 
substances) 

 Method needs further optimization 
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