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PASSIVE SAMPLING
PARTICULATE

DISSOLVED 
ORGANIC 
CARBON

COLLOIDS

PASSIVE SAMPLER

FREELY DISSOLVED 
CONCENTRATION
(bioavailable)

Freely dissolved conc. of contaminant in 
water column/ interstitial water (ug/L)
[Ghosh et al., 2014]

Simulations of COC 
accumulation

1st Order 
Model

1D Fick’s Diffusion 
Model



LITERATURE REVIEW & AIMS

AIM
• In the real environment, water concentrations of these 

HOCs vary temporally.
• Important for ecological exposure assessment.
• How well passive sampler concentrations represent 

the time-averaged concentration over an entire 
deployment period?

    
Linear Decay Exponential Decay

Pulse
• Characteristic of ambient 

concentration
• Passive sampler-based water 

concentration (Analytical 
solution) 

Hawker et al., 2009



METHODS: PRC CORRECTION

INITIAL CONDITIONS: Water concentration varies 
from 1ng/L to 0.1ng/L.

Gain Function = 
Actual Mass Gained

Loss Function = 
Fraction of Loss

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑃𝐶𝐵 𝑈𝑝𝑡𝑎𝑘𝑒 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑀𝑎𝑠𝑠 𝐺𝑎𝑖𝑛𝑒𝑑

𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐿𝑜𝑠𝑠

𝐶𝑤 =
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑃𝐶𝐵 𝑈𝑝𝑡𝑎𝑘𝑒
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PERFORMANCE REFERENCE COMPOUND 
CORRECTION FOR EQUILIBRIUM



FIRST ORDER MODEL                                    FICK’S DIFFUSION MODEL                                                  

𝑑𝐶𝑃𝐸

𝑑𝑡
= 𝑘𝑢𝐶𝑤 − 𝑘𝑒𝐶𝑃𝐸

𝐶𝑃𝐸_𝐸𝑞 = Τ𝐶𝑃𝐸 (1 − 𝑒−𝑘𝑒𝑇)

Governing Equation: 
Calculation of Mass of PCB accumulated in PE (𝐶𝑃𝐸) 

Calculation of Mass of PCB accumulated in PE 
at Equilibrium (𝐶𝑃𝐸_𝐸𝑞) 

Governing Equation: System of well mixed infinite water bath 

Boundary Conditions:
At the interface of the PE and water, the diffusive fluxes 
match so that mass is conserved

local equilibrium distribution

Eq 1

Eq 2

Eq 3Eq 1 Eq 2

Eq 3

CoinW; infinite 
bath no flux 

boundary 
condition. 

METHODS: FIRST ORDER & DIFFUSION MODELS



Impact of a 10-day long perturbation on the uptake of PCB 37

Normal Condition
      Perturbed Condition
      PCB 37
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DIFFUSION MODEL 

1st ORDER MODEL

RESULTS
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Effect of 10-day long perturbation on the uptake of different PCB homologs

Normal Condition
       Perturbed Condition
      PCB 15

      PCB 37
      PCB 100
      PCB 128
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Impact of various PE thickness on the uptake of PCB 37

1mil (25 μm)
     2mil (50 μm)
     3mil (75 μm)
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CONCLUSION

• Is there a time period beyond 

which a perturbation in 

concentration is not captured in the 

passive sampling time-integration? 

YES !

• Less hydrophobic = recovers from history of storm
• Increasing hydrophobicity = returns truer Cw

• Thicker PE = returns truer Cw

Consistent.



THANK YOU



FINITE SOLUTION OF DIFFUSION MODEL

𝑟 =  𝛿𝑇/(𝛿𝑋)2. r<0.5

Analytical solution in 
Tcacuic et al, 2015

[wbl:0.02cm, 25um PE; 
Infinite Water Bath]

[r=0.3; dt=0.1s]

INITIAL CONDITIONS:

1. NO STORM CONDITION
• Water: 1 ng/L
• PE: 0 ng/L

2. Storm
• Water: 0.1ng/L

Our Model



RESULTS

Impact of  1-day long storms on different days during the deployment period on the uptake of PCB 37
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Impact of  1-day long storms on different days during the deployment period on the uptake of PCB 37
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Impact of Periodic Storms on the Uptake of Various Homologs
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Impact of Varying Water Boundary Layer (WBL) Thickness on the Uptake of PCB 37

WBL = 0.008cm
        WBL = 0.02 cm
        WBL = 0.2 cm
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