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Content 

Uncertainties in principles (concepts, models, principles, 
theory,....) (vanishingly small errors)

Precision (small errors)

Accuracy (moderate errors)

Interlab variability (substantial errors)



Principles: Working principle

sampler water

C

Assumptions: 
–equilibrium at the interface
–first order transport kinetics
–reversible and linear sorption
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Principles: Uptake kinetics



Principles: Equilibrium stage
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Principles: Linear uptake stage (t→0) 
(infinite sink)
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Principles: Infinite water volume
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Sources of variance
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Uncertainties from 
• N
• Rs

• Ksw

t→ 0 :  N = Cw Rs t (linear stage)
t→ ∞ :  N = Cw ms Ksw (equilibrium stage)



Sampling rates (Rs)

compound properties (diffusion coefficient, hydrophobicity)
temperature 
flow rate
suspended solids concentration

30oC

13oC

2oC

9 cm/s

0.14 cm/s

Rusina et al., ES&T 44:362–367, 2010 



Sampling rate model is needed (high-Kow)

WBL-controlled uptake 
Rs calibration: PRC with 4 < logKow< 6.5
Rs of high Kow compounds?

Hydrodynamics and engineering lit.: Rs ~ Dw
2/3

Rs ~ pyrene/PCB180 
Rs ratio

MW-0.35 1.3
VLeBas

-0.39 1.2
Kow

-0.044 1.2
MW-0.47 1.4
Kpw

-0.08 1.5

< 25%



Uncertainties from lack of understanding:

Maybe < 25% for Rs extrapolation into high Kow range



Precision: Rs calibration (~20%)

Performance reference compounds (PRCs)
• not occurring in the water
• spiked into PSD before exposure
• dissipation follows:
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SPMD in water
Rs=5.1±0.3 L d-1

silicone in water
Rs=11.6±0.7 L d-1

PUF in air
Rs=5.6±0.6 m3 d-1



Accuracy: Rs calibration

95% CI



Accuracy: Ksw calibration 

silicones
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Kinetic and equilibrium sampling

Kinetic: N = Cw Rs t
Rs precision: <20%
Rs bias ~ 0.2 log units (factor 1.6) from Ksw of PRCs
Rs bias from Rs extrapolation to high Kow compounds <25%

Equilibrium: N = m Ksw Cw

Cw bias from analyte Ksw = 0.2 log units (factor 1.6)

Comparison among samplers ~ 0.25 log units (factor 1.7)



Interlab + intersampler variability
Allan et al. 2009



Analytical interlab variability
Allen et al. 2009



Within lab variability + temporal variability
(3 consecutive 6-wk silicone exposures
Smedes, Beeltje, Jonker (2012)





NORMAN ILS: BDE sampling

Comparing samplers, Cw in pg/L
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Comparing samplers, uptake in ng/cm2
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NORMAN ILS: Cw calculated by organiser, 
based on  chemical analysis  by  participants

BDE47 (pg/L)
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Conclusions

Precision (Rs) < 20 %

Accuracy ~ 0.2 log units

high Kow range (>6): Ksw of PRCs

low  Kow range (<4 ): Ksw of target analytes

Much to be gained from reducing interlab variability

analytical (target analytes and PRCs)

calculation mistakes

Ksw determination

PS for nonpolars is well understood, including the 
uncertainties
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