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Sorption and contamination 



Sorption? 

© Hans Hillewaert 

Freely-dissolved 

Particle-sorbed (sediments, suspended sediments, colloids) 

Sorption 
(partitioning) 

HIGH EXPOSURE AND 
TOXICITY! 

LOW EXPOSURE AND 
TOXICITY 

http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg


Healthy! 

Stress (not due to 
contamination) 

Severe Stress  
(Contamination) 

Why is sorption important? 

http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg


Sorption? 

Freely-dissolved 

Particle-sorbed 

KD = Csed / Cwater 

 
at equilibrium 

 
Sorption 

(partitioning) 

http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
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History of sorption theory 



IN THE BEGINNING… 
In the 1960s – 1970s, laboratory experiments found sorption of 
pesticides was  
a) related to the total organic carbon (TOC) content  of soil 

 
 
 
 

b) dependant on the chemical. 

KD = fTOC KTOC 

In 1979: 

log KTOC = log KOW – 0.21 log KTOC = 4 – 0.56 log SL 



TOTAL ORGANIC CARBON (TOC)? 

 
Total Organic Carbon =  
Mass Fraction of all carbon in a soil or sediment that is not 
CO2 or Carbonate (CO3

2-)  - removed in the lab with 1 M HCl 

 
  

http://www.soil.ncsu.edu/lockers/lindbo/Soil%20Photos/Micromorphology%20slides/Stoops%20Collection/docs/ch6
_cmp.html 

KD = fTOC KTOC 

fTOC = mass TOC/ mass sediment 



Octanol-water partitioning (Kow)? 

Octanol 

Water 

Used in pharmaceutical industry 
to mimic sorption to fat (lipids). 
 
Used also for low food chain 
organisms (Klipid = Kow) 
 

log KTOC = log KOW – 0.21 

The hypothesis for soil/sed: 
 

Octanol is a proxy for TOC  
(as it is for lipids) 



Subcooled-liquid solubility (SL) 

 
Solubility = 
Maximum amount that can be dissolved per 
volume of water. 

 
Subcooled-liquid = 
Solubility of melted solids (at room 
temperature), to account for the fact in the 
environment solid crystals of contaminants 

do not form.  www.odec.ca 

The hypothesis: 
 

TOC partitioning follows Raoult’s Law for ideal mixtures 
KTOC = (MWTOC SL)

-1 

log KTOC = 4 – 0.56 log SL 
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The end of simplicity? 



Problems with the simple models # 1. 

Sorption from contaminated field 
sites was much stronger than 
artificial lab experiments when: 
 
 
1) No lab spike was used to add 

the contaminants  (i.e. real 
world contaminanted samples 
used) 

 
2) Techniques got better for 

removing colloids (very small, 
suspended particles) and DOC 
(dissolved organic carbon, 
like humic material, organic 
molecules and micelles) 

 
3) Pore water detection improved 
 
 
  

Gustaffson ES&T 2000 

Common to find Ktoc of PAHs, 
PCBs and dioxins > 10 to 
10000 times larger than 
Kow!!!! 



Problems with simple models # 2. 

hydrophobic organic 

chemicals 
polar chemicals 

including 50 pesticides 
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Traditional models ONLY worked with HOCs 

Kai-Uwe Goss, UFZ Leipzig 



Research in environmental  

sorption since 1980 

SORBENT 

 

Is TOC too simple to 

account for soil and 

sediment variability?  

 

 

SORBATE 

 

Is KOW and SL too simple 

to account for 

contaminant variability? 

 

 

Sorption made…     
 

complex! 
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Sorbent Variability 



Sorbent Variability: AD vs AB 

http://mrselliott.wordpress.com/tag/
volumetric-analysis/ 

ADSORPTION 
On the surface: 

Surface area 
(Porosity) 

ABSORPTION 
Inside the material: 

Volume 
(Crystallinity) 

 



Sorbent Variability: Concentration Effect 

Concentration effect 

Csed 

Cw 

Kd 

-Typical effect from factor 2- 10 
(soils,sediments) to  >100 (activated 
carbon) 
 

- More commonly attributed to 
ADsorption processes (surface  
coverage, surface attenuation, pore 
blockage, etc.) though also for 
Absorption (e.g. crystallinity)  
 

-Many models (Freundlich, Langmuir, 
BET…)  
 

 

KD = Csed /( Cw
n-1) 

 

Example model (Freundlich): 



Sorbent Variability: Particle Heterogeneity 

KD = fAKA+ fBKB+ fCKC+ fDKD+ fEKE+ … 



Sorbent Variability: Weathering Phenomina 

Kinetic / ”Weathering” 
phenomina -Increase by a factor 2 to 100 

  
 
-Observation from old field sites 
of extremely strong sorption for 
small contaminants (e.g. 
benzene) 
 

-  Kinetics? Takes time for 
contaminants to find strong 
sorping areas? 
 

- Weathering? Caused by 
changes in the soil/sed with 
time. 
 

-Likely diverse processes 

time 

Kd 



Sorbent Variability: Temperature Effect 

Temperature effect 

Temperature 

Kd 

- Increase temperature, decrease Kd. 
 
 

- Described by the van’t Hoff equation 
 
 
 
 

- Generally minor for water-soil and 
water-sediment systems. 
 
 

- Generally major for air-soil, air-
sediment systems (also air-water)  



Many complex influences 
on sorption! 
 
How to account for these 
in the real world?  
 

Sorption made complex! 

Example attempt: 
The Black Carbon hypothesis.  



Where was the extra 
sorption coming from? 

Soot – they were after 
all looking at PAHs 

Sorbent Variability: The Black Carbon Hypothesis 

 



The BC sorption hypothesis is born! 

KD = fAOCKAOC + fBCKBCCw
nF-1 

Where: 
 
fBC = fraction of BC determined usually by the chemical-thermal 
oxidation method (375°C) (i.e. CTO-375 BC) 

 
fAOC = fraction of ”amorphous organic carbon”, i.e. TOC – BC 
 
 
nF = ”Freundlich coefficient” to account for sorption non-linearity 
(i.e. concentration effect) 

KD = fTOCKTOC
 



AMORPHOUS ORGANIC CARBON (AOC)? 

 
Amorphous Organic Carbon  
= Mass Fraction of all Carbon that is not CO2, 
Carbonate (CO3

2-) or Black Carbon 
 
  

http://www.soil.ncsu.edu/lockers/lindbo/Soil%20Photos/
Micromorphology%20slides/Stoops%20Collection/docs/c
h6_cmp.html 



BLACK CARBON (BC)? 

Coal Coke 

Char Soot 



The BC sorption hyptothesis takes off! 



”CRITICISM 1”: What is BC? 

Chars, coals and coke 
not stable under CTO-
375. 
 

Coal 

Char Soot 

Coke 



CRITICISM 2: Concentration effect in AOC. 

KD = fAOCKAOC + fBCKBCCw
nF-1 KD = fAOCKAOCCw

nF*-1 + fBCKBCCw
nF-1 

nF values in AOC < 1 
at low concentration strong 
sorption in Pahokee Peat 

Pignatello et al. J. Environ. 
Qual. 2006 

Endo et al. ES&T 2009 



CRITICISM 3: No Gain from Extra Parameters 

Hawthorne et al. ET&C 2006 Hawthorne et al. ET&C 2007 

L
o

g
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T
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For PAHs, both KTOC and KBC in field sediments scatter by over 
three orders of magnitude (n = 114) 



How to make sorption simple again? 
L
o

g
 K

H
o

ly
G

r
a
il
 Strategy 1:  ”The Holy Grail” 

  
- find the critical parameter(s) 
that condense the data to the 
uncertainty of particle physics 
 

L
o

g
 K

T
O
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Strategy 2: ”Live with it” 
 
Live with the variability of TOC. 
Find a good proxy, better than 
Kow, to represent the median of 
field values. 



Arp et al. ES&T 2009 

What proxy gives KTOC-proxy(lab) = KTOC-field ? 

 
 
- peat (low concentration) 
- peat (high concentration) 
- sedimentary NOM 
- leonardite humic acid 
- hexadecane 
- diesel 
- n-octanol 
- granular activated carbon (low concentration) 
- granular activated carbon (high concentration) 

- coal tar 

  Proxy =  

What makes a good TOC sorption proxy 



Hypothesis: Coal tar is the new octanol 

 

53 contaminanted sediment samples from 10 urban and rural 
water ways in the United States and Canada 

Hawthorne, Arp et al. ES&T 2011 

 
Test: Real World KTOC data for PCBs 

//upload.wikimedia.org/wikipedia/commons/4/49/Polychlorinated_biphenyl_structure.svg




Schwarzenbach et al. log KTOC vs log Kow (2003) log KTOC ≤  log Kow 



Schwarzenbach et al. log KTOC vs log Kow (2003) log KTOC ≤  log Kow 



Schwarzenbach et al. log KTOC vs log Kow (2003) log KTOC ≤  log Kow 

log KTOC, coal tar = -log(0.22 SL) 

The Raoult’s Law Coal Tar model: 



KD = KAOCfAOC + KBCfBC  

BC as defined by the CTO-375 



-Low concentration follows coal-tar closely 
-High concentration samples sorb less, but not significantly 

Coal Tar 

ROLE OF CONCENTRATION? 



-Weathered sediments follow coal-tar sorption closely 
 

NON-CALIBRATED OR FITTED MODEL! 
Accuracy factor 3 – 72%, factor 10 - 97% 

ROLE OF WEATHERING? 

Coal Tar 



 

Sorbent Variability - made simple 

L
o

g
 K

T
O

C
 

Strategy 2: ”Live with it” 
 
-Estimate the median of field 
KTOC 

 
-Understand the macro (not 
micro) trends (e.g. 
concentration, weathering) 
 

 
But is live with it strategy good 
enough to estimate toxicity? 
 
 Find out after the break…. 
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Is simple good enough regarding toxicity? 



Toxicity of PAHs in Pyrogenic Residues 

Manufactured Gas Plant Toxic Sediment Layer 



• Formed by incomplete combustion processes 

Polycyclic Aromatic Hydrocarbons 

Black 
Carbon 
(i.e. soot) 

PAH, 
alkyl-PAH 

EPA-16 (parents)  
subset of > 10,000 

parent and alkyl PAHs 

Tars 

Figure Credit: Pugmire, R. J.et al. (n.d.). Soot Formation Process. Department of Chemical & Fuels 
Engineering, Department of Chemistry, University of Utah. Retrieved from http://www-
acerc.byu.edu/News/Conference/2003/Presentations/Pugmire.pdf. 

New list: 
 
 EPA – 34 
 
18 parent PAHs  
16 clusters of alkyl PAHs 
 
(several hundred 
compounds) 

http://www-acerc.byu.edu/News/Conference/2003/Presentations/Pugmire.pdf
http://www-acerc.byu.edu/News/Conference/2003/Presentations/Pugmire.pdf
http://www-acerc.byu.edu/News/Conference/2003/Presentations/Pugmire.pdf


Toxicity: EPA-16 sediments vs EPA-34 porewater 

Hawthorne et al. ES&T 2007 
Photo credit: 
http://en.wikipedia.org/wiki/File:Hyalella_azteca.jpg 

Toxicity to 
Hyalella azteca 

The ”commonly” measured 
EPA-16 in sediments 

The ”very rarely”measured 
EPA-34 in porewater 

How to get there from here without 
measuring? 
 
1) Test lab-based KD models 
2) Extrapolate EPA-16 to EPA-34 
 



Summary of Sediment Data 

Combustion 

residue source 

No. Of Sites No. of unique 

location 

Conc. Range 

ΣEPA-34 

(mg / kg) 

Manufactured Gas 

Plant 

14 256 0.3 – 30,784 

Aluminum Smelters 3 59 0.2 – 3,588 

Urban Harbour 2 20 39 – 2,000 

For all 355 sediments have Csed and Cpw fore EPA-34 

 
For 211 sediments have mortality data to H. azteca 

Arp et al. ES&T 2011 



 

log KTOC, coal tar = -log(0.22 SL) 



• Correlations of all log Csed, log Cpwvia 34 x 34 matrix 

analysis: 

Extrapolation via Log-Linear Regression 

log Csed (PAHx) =  m log Csed (PAHy) + b e.g. Csed: 

a) Csed r2

NAP 1MN 2MN C2N C3N C4N ACE ACEY FLU C1F C2F C3F ANT PHE C1P C2P C3P C4P FLUA PYR C1FP CHR BAA C1C C2C C3C C4C PER BAP BBKF BEP DAH IND BGP

NAP 1.00

1MN 0.87 1.00

2MN 0.96 0.87 1.00

C2N 0.86 0.93 0.88 1.00

C3N 0.81 0.87 0.85 0.96 1.00

C4N 0.34 0.35 0.36 0.43 0.50 1.00

ACE 0.79 0.91 0.80 0.91 0.88 0.37 1.00
ACEY 0.66 0.62 0.67 0.70 0.73 0.37 0.51 1.00

FLU 0.87 0.89 0.86 0.90 0.87 0.35 0.86 0.66 1.00

C1F 0.80 0.81 0.80 0.91 0.94 0.47 0.80 0.85 0.85 1.00

C2F 0.34 0.37 0.36 0.44 0.50 0.83 0.36 0.45 0.35 0.51 1.00
C3F

ANT 0.80 0.76 0.80 0.83 0.85 0.43 0.71 0.88 0.87 0.91 0.46 1.00

PHE 0.86 0.83 0.86 0.88 0.87 0.37 0.79 0.76 0.95 0.88 0.38 0.92 1.00

C1P 0.78 0.77 0.80 0.86 0.90 0.46 0.73 0.87 0.84 0.96 0.49 0.95 0.92 1.00

C2P 0.67 0.61 0.69 0.76 0.82 0.43 0.58 0.89 0.67 0.90 0.47 0.88 0.80 0.94 1.00

C3P 0.43 0.40 0.47 0.55 0.61 0.56 0.42 0.58 0.42 0.62 0.65 0.58 0.51 0.64 0.69 1.00
C4P 0.19 0.20 0.22 0.26 0.32 0.64 0.22 0.25 0.18 0.31 0.57 0.27 0.21 0.32 0.34 0.44 1.00

FLUA 0.71 0.64 0.72 0.73 0.77 0.37 0.59 0.87 0.77 0.84 0.41 0.94 0.90 0.92 0.87 0.57 0.25 1.00

PYR 0.71 0.64 0.72 0.73 0.78 0.40 0.59 0.90 0.74 0.85 0.43 0.94 0.86 0.94 0.91 0.61 0.30 0.97 1.00

C1FP 0.65 0.57 0.67 0.71 0.75 0.41 0.53 0.91 0.66 0.85 0.45 0.89 0.79 0.93 0.95 0.67 0.34 0.92 0.97 1.00

CHR 0.63 0.57 0.65 0.67 0.70 0.35 0.50 0.88 0.65 0.78 0.42 0.88 0.81 0.88 0.88 0.61 0.29 0.96 0.97 0.96 1.00

BAA 0.62 0.53 0.64 0.66 0.68 0.35 0.49 0.88 0.65 0.78 0.38 0.89 0.80 0.88 0.87 0.59 0.27 0.96 0.97 0.96 0.99 1.00

C1C 0.47 0.43 0.51 0.54 0.58 0.44 0.41 0.88 0.49 0.66 0.50 0.72 0.62 0.73 0.75 0.56 0.35 0.76 0.80 0.84 0.83 0.82 1.00

C2C 0.20 0.22 0.22 0.26 0.31 0.57 0.22 0.30 0.20 0.32 0.50 0.29 0.22 0.33 0.35 0.45 0.65 0.28 0.33 0.38 0.33 0.31 0.39 1.00

C3C 0.19 0.23 0.21 0.26 0.31 0.32 0.24 0.32 0.16 0.34 0.33 0.28 0.18 0.34 0.38 0.32 0.40 0.29 0.36 0.41 0.35 0.33 0.31 0.43 1.00
C4C

PER 0.52 0.40 0.54 0.55 0.57 0.26 0.37 0.76 0.51 0.64 0.30 0.73 0.69 0.73 0.77 0.55 0.24 0.83 0.82 0.83 0.90 0.88 0.71 0.23 0.32 1.00

BAP 0.58 0.48 0.61 0.62 0.65 0.36 0.45 0.87 0.60 0.75 0.38 0.84 0.77 0.85 0.87 0.61 0.30 0.94 0.95 0.95 0.99 0.99 0.84 0.34 0.37 0.90 1.00

BBKF 0.56 0.45 0.58 0.59 0.62 0.32 0.42 0.84 0.58 0.71 0.35 0.81 0.76 0.81 0.82 0.57 0.27 0.93 0.93 0.93 0.98 0.97 0.81 0.30 0.34 0.91 0.99 1.00

BEP 0.59 0.48 0.60 0.62 0.66 0.33 0.45 0.86 0.60 0.74 0.36 0.82 0.77 0.84 0.86 0.60 0.28 0.93 0.95 0.94 0.98 0.97 0.82 0.32 0.36 0.90 0.99 0.99 1.00
DAH 0.50 0.40 0.52 0.46 0.50 0.40 0.37 0.70 0.48 0.55 0.43 0.65 0.59 0.65 0.64 0.44 0.29 0.72 0.73 0.73 0.76 0.75 0.81 0.34 0.28 0.70 0.76 0.76 0.75 1.00

IND 0.55 0.42 0.56 0.56 0.60 0.30 0.39 0.81 0.54 0.68 0.33 0.77 0.74 0.78 0.81 0.55 0.26 0.90 0.90 0.90 0.96 0.95 0.80 0.31 0.34 0.91 0.97 0.97 0.97 0.78 1.00
BGP 0.56 0.44 0.58 0.58 0.62 0.33 0.41 0.82 0.56 0.69 0.35 0.78 0.74 0.80 0.83 0.58 0.28 0.92 0.92 0.91 0.97 0.96 0.81 0.33 0.37 0.91 0.98 0.98 0.98 0.77 0.99 1.00
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Experimental  - Estimated log Csed

Estimation of Individual EPA-34 
PAHs Csed from Pyrene Csed

n=8115 



Predicting Cpw EPA-34 from Csed Pyrene 

Total Data Points 219 
Deviation factor 30 89% 
Deviation factor 100 100% 

log Cpw (EPA-34) =  m (log Csed / log KTOC (Pyrene)) + b 

Total Data Points 219 
Deviation factor 30 95% 
Deviation factor 100 100% 

+ n x Csed (4+5+6 ring) 
   Csed (2+3 ring 

Weathering 
Factor 



%Survival vs EPA-34 PW 

EPA-34 
PAHs 

Sensitivity 
number of 

< 80% survival 
predicted as 

toxic 

Overall 
Efficiency 

(correctly 
predicted 
toxic and 
non-toxic) 

n 

Measured Csed 
1TU = 22.8 

mg/kg 

94% 41% 211 

Measured Cpw 
of 1 TU 91% 76% 209 

Estimation  
1 TU from Cpw 

pyrene 
94% 77% 184 

Estimation  
1 TU from Csed 

pyrene 
89% 78% 210 

Csed pyrene as good as Cpw of all 34 PAHs  
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Sorbate Variability 



Polar Apolar Ionizable Ionizable 
and 
Oxidizable 

Simple Complicated 

Sorbate Variability 

 
Non-specific 
(non-polar) 
interactions 

+ specific  
(polar) 
interactions 

+ pH dependant 
ionic interactions 

+ Complex 
chemistry 
dependant on 
salts and O2 



Problems with simple models # 2. 

hydrophobic organic 

chemicals 
polar chemicals 

including 50 pesticides 
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Traditional models ONLY worked with HOCs 

Kai-Uwe Goss, UFZ Leipzig 



Approach 1 – QSAR (EPIwin) 

• QSAR = Qualtitative structure activity relationship (e.g. 

EPIsuiteTM) 

KD = ac nC + aH nH + aOnO+ aOHnOHC+ … 

http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm 

Advantages 
-Free 
-simple to use 
-designed specifically for 
environmental applications 
-also has QSAR for toxicity. 

Disadvantages 
-No ions 
-Varying accuracy (only as good 
as the data its calibrated with). 



 

 

 

 

 

 

Approach 2 – Expanded QSAR  

(SPARC Online calculator) 

www.ibmlc2.chem.uga.edu/sparc/ 

Expanded QSAR – expanded QSAR that accounts for many phase 
changes (e.g. melting and boiling) and sorption simultaneously. 
Advantage - Larger calibration data set, more robust. 

Advantages 
-Free 
-Can select any sorbing 
phase of sorbing phase and 
contaminant by molecular 
structure 
-ions (pKa) 
- generally more accurate 
than EPIwin 

Disadvantages 
-harder to use, 
-accuracy changes with 
version.  



 

 

 

 

 

 

Approach 3 – PP-LFER 

log KTOC = aA + bB + sS + lL + vV + c  

PP-LFER– polyparameter linear free energy relationships. 

Advantages 
-the most accurate 
-easily done with excel. 

Disadvantages 
-compound parameters  
Needed (A, B, S, L, V) 
 
-sorbent (soil, sed) parameters (a, b, 
s, l, v, c) needed – but are available! 

Free energy of polar 
interactions 

Free energy of non-polar 
interactions 

H-bonding 
Van der Waals, 
cavity formation 



Approach 4 – Quantum Chemistry / 

Solvation Thermodynamics 

COSMOtherm – 1) Use Quantum Chemical calcuations to find optimum 
structure of contaminant and soil; 2) Use solvation thermodynamics to find 
the log K. 
 

Advantages 
Very accurate, needs no 
calibration. Ions OK 
Easily done with excel. 

Disadvantages 
Extremely complex, 
Requires licenses and linux 
server access. 

http://www.cosmologic.de/index.php 



KD ionic organic compounds and metals 

http://jan.ucc.nau.ed
u/~doetqp-
p/courses/env440/en
v440_2/lectures/lec1
4/lec14.html 

Organic Ions Metals 

Droge et al. ES&T 
2012 

KD depends on: 

- pH  

- concentration effect 

- Dissolved salts 

- DOM / micelle concentration 

KD depends on: 

- Same as organic ions  

- pE (Ev) i.e. redox 



Note for ionic compounds! KD vs D 

 
KD = Csed(neutral)     

 Cwater(neutral) 

 
 

 
KD = Csed(PFOS)     

 Cwater(PFOS) 

 
 

D = Csed(neutral + ionic)     

 Cwater(neutral + ionic) 

 
 D = CTOC(Pb(OH)2)       

Cwater(Pb2+ + Pb(OH)-) 

 
 

K –contaminant has same molecular structure in both phases 

D – contaminant has multiple molecular structures in one or both 
phases 

D = CTOC(PFOS + PFOS-)     

 Cwater(PFOS + PFOS-) 

 
 



Linking sorbent and sorbate variability 

Impacted sediments, non-polar compounds 

• PP-LFER for coal tar  

(log KTOC = -1.2A-4.5B-0.35S+0.5E+3.9V+0.16) 

• SPARC / COSMOtherm– find SL (log KTOC = -log(0.22SL) 

 

Other sites, polar, ionic and metal compounds 

• Site specific KD value  

• Average KD from similar sites / literature (e.g. Sauve 

ES&T 2000 for metals) 

• If none of the above, try combination of EPIwin, 

SPARC, PP-LFER for coal tar, soils, etc. 
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Equilibrium Passive Sampling 



© Hans Hillewaert 

Freely-dissolved 

Particle-sorbed 

PARTITIONING 
Passive Sampler  
(proxy for biota) 

Cwater = CPS / KPS 

 
KPS values in literature 

 

http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg
http://upload.wikimedia.org/wikipedia/commons/5/53/Skull_and_crossbones.svg


Simple Extraction with POM passive sampler for 

PAH and PCB 

Simple method! 

 

2 g soil + 0.2 g POM  

+ 20 ml H20 

 

shake for 1 month, extract 

POM 

Cpw = Kpom * Cpom 

 

Anal. Chem. 2011;83(17):6754-61 

Cwater = CPS / KPS 

 
KPS values in literature 
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Conclusions 



Sorption made simple 

 

• Option 1 – for HOCs and sediment, use the coal tar 

estimation method (or cite specific values) 

 

• Option 2 – Other contaminants or cites, use cite specific 

KD values. Measure them with passive samplers! 

 

• Option 3 –Use average of literature values, but favour 

field measurements over lab measurements. 

 

• Option 4 – Best available model (SPARC, PP-LFER, etc.) 



To end on a simple note: 

Thank 
You! 



Appendix 
 

More information on equations presented 



Single-Parameter Linear Free Energy 

Relationship (SP-LFER) with Kow 

  

Schwarzenbach et al. Environmental Organic Chemistry 2’nd ed. 

(2003) 

 

 log KTOC = 0.73 log Kow  + 0.15  

    

 - Kow = octanol-water partitioning coefficient 

 - KTOC measured by spike tests (32 data for diverse PCBs from the literature)  

 - always predicts sorption to TOC is < sorption to octanol  

   



Poly-Parameter Linear Free Energy Relationship 

(PP-LFER) for Natural Organic Matter 

  

Nguyen et al. ES&T 2005 

  

log KTOC = 0.15 A  - 1.98 B – 0.72 S + 1.10 E + 2.28 V + 0.14  

   

  

 - calibrated with 75 apolar and polar compounds from many literature sources 

 - KTOC measured mostly by spike tests  

 - A, B, S refer to polar (specific) interaction properties of the molecule 

 - E,V refer to apolar (non specific) interaction properties of the molecule   



Two Carbon Model 

  
Werner et al. ES&T 2010 

  

KD = fAOC KAOC + fBC KBC Cpw
nF-1    

 

fBC = fraction of thermoresistent ”black carbon” (at 375 C) 

KBC = Freundlich partition coefficient to BC 

nF =  Freundlich parameter  (= 1) 

fAOC = ”amorphous” organic carbon (TOC – BC) 

KAOC = Koc from the Schwarzenbach 2003 PP-LFER 

 

- Calibrated with 7 historically contaminated 

To get: 

Log KBC = 0.74 log Kow  + 0.15 

 



PP-LFER - Coal Tar as TOC Proxy 

  

Arp et al. ES&T 2009 

  

log KTOC = -1.2A  - 4.5B – 0.35S + 0.50E + 3.9 V + 0.16 
    

 

 -Validated (not calibrated!) with historically contaminated 

sediments for 19 references covering PAHs, PCBs, 

chlorinated benzenes, dioxins 

 - Best performing model (accuracy within factor 30)  



Raoult’s Law type model 

  
Arp et al. ES&T 2009 

  

KTOC =  (CL
satMWcoaltar )

-1 

     

 - CL
sat = subcooled solubility 

 - MWcoaltar = 0.223 kg/mol  

 - -Validated (not calibrated!) with historically contaminated 

sediments for 19 references covering PAHs, PCBs, chlorinated 
benzenes, dioxins  

 - Second best performing model (accuracy within factor 30)  

 


