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Sorption and contamination



Sorption?

Sorption (¢
(partitioning) 1

@ Hans :HiIIewba'ert>

L Low EXPOSURE AND
TOXICITY

Particle-sorbed (sediments, suspended sediments, colloids)
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Why Is sorption important?
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Sorption?

KD = Csed /
Sorption at equilibrium
(partitioning) o | oo '
i

Particle-sorbed


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

2

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

Kp =
b) dependant on the chemical.

In 1979:

SORPTION OF HYDROPHOBIC POLLUTANTS
ON NATURAL SEDIMENTS

SAMUEL W. KARICKHOFF, DAVID S. BROWN

and TrRuDY A. ScoTT

Environmental Research Laboratory, U.S. Environmental Protection Agency,
College Station Road, Athens, GA 30605, US.A.

(Received 4 September 1978)

log Koy — 0.21

021(R* = 1.00) (6}

l0g Kroc =

log K,. = 1.00log K, —

TOC KTOC

A Physical Concept of Soil-Water Equilibria for
Nonionic Organic Compounds

SCIENCE, VOL. 206, 16 NOVEMBER 1979
CAry T. CHI0U
Louis J. PETERs

VirGiL H. FREED

|Og KTOC = 4 — 0.56 |Og SL

log G = 4.040 (= 0.038) —
0.557 (£ 0.012) log § 2)

with r2= 0988 and n = 15 :(wherc G is



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



Octanol-water partitioning (K,,,)?

log Kioc = log Ky — 0.21

Used in pharmaceutical industry
to mimic sorption to fat (lipids).

Used also for low food chain
organisms (KIipid = K,n)

The hypothesis for soil/sed:

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



Subcooled-liquid solubility (S,)

|Og KTOC — 4 . 0.56 |Og 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
11.1. 2003 environment solid crystals of contaminants

do not form.

The hypothesis:

TOC partitioning follows Raoult’s Law for ideal mixtures
Kroc = (MW S\ )
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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

u Sed ) ediction based on N
Larickhoff (1981) model (ref, T)

2) Techniques got better for

removing colloids (very small,
suspended particles) and DOC Gustaffson ES&T 2000

(dissolved organic carbon,
;k;:ct'::: ;Zti::zle’"(; l:sg)anlc Common to find K,,.of PAHs,
PCBs and dioxins > 10 to

3) Pore water detection improved ;1(00’?’0’ times larger than
ow-="=*=*



Problems with simple models # 2.

Traditional models ONLY worked with HOCs

experimental log Koc
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Kai-Uwe Goss, UFZ Leipzig



Research in environmental
sorption since 1980

Sorption made...complex!

SORBATE

Is Koy @and S, too simple

to account for
contaminant variability?




A

Sorbent Variability



Sorbent Variability: AD vs AB

Adsorption versus Absorption

ADSORPTION ABSORPTION
On the surface: Inside the material:
Surface area Volume
(Porosity) (Crystallinity)

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



Sorbent Variability: Concentration Effect

(soils,sediments) to >100 (activated
carbon)
Csed

- More commonly attributed to

K, ADsorption processes (surface
coverage, surface attenuation, pore
blockage, etc.) though also for
Absorption (e.g. crystallinity)

Cw

-Many models (Freundlich, Langmuir,
BET...)

Example model (Freundlich):

KD = Csed /(Cw )



Sorbent Variability: Particle Heterogeneity

Sequestration of Hydrophobic Organic Contaminants by _
Geosorbents P g Clay Particles Micropores

RICHARD G. LUTHY"* N 1 BIICUDI‘ Oxide

Department of Civil and Environmental Engineering, Carnegie Mellon University,

; \ :
Pittsburgh, Pennsylvania 15213-3890 f i \ CDatll'lgS

GEORGE R. AIKEN 4 f \ WATER OR GAS

U.S. Geological Survey, Water Resources Division, 3215 Marine Street, i
Boulder, Colorado 80303-1066 T ]N MACROPORES

MARK L. BRUSSEAU

Mesopores

Soil, Water and Environmental Science Department, 429 Shantz Building, 38,
The University of Arizona, Tucson, Arizona 85721

SCOTT D. CUNNINGHAM

DuPont Environmental Biotechnology, Glasgow Building 300, P.O. Box 6101, Enc aps“] ated
Newark, Delaware 19714-6101

PHILIP M. GSCHWEND Arnorphous SOM

Department of Civil and Envi tal Engineering, 48-415, 15 V: Street,

Massachusetts Insitute of Techriology, Carmibridge, Massachusets 02139 COMBUSTION RESIDUE
JOSEPH J. PIGNATELLO

The Connecticut Agricultural Experimental Station, 123 Huntington Street, H
P.O. Box 1106, New Haven, Connecticut 06504 COHlbI.lSllOI'I

-
MARTIN REINHARD Residue, e.g., Soot <

Department of Civil and Environmental Engineering, Stanford University,
Stanford, California 94305-4020

SAMUEL J. TRAINA

Scheol of Natural Resources, The Ohio State University, 410B Kottman Hall,
2021 Coffey Road, Columbus, Ohio 43210-1086

WALTER J. WEBER, JR.

Department of Civil and Environmental Engineering, Environmental and s
Water Resources Engineering Building, The University of Michigan,

Ann Arbor, Michigan 48109-2125 2 DEJISE SOM

JOHN C. WESTALL ' : Amorphous SOM

Department of Chemistry, Oregon State University, Corvallis, Oregon 97331
Aged or Weathered NAPL

VOL. 31, NO. 12, 1997 7 ENVIRONMENTAL SCIEMCE & TECHNOLOGY = 3341

["'-Ie}tc-tsl SOM = {"I-Ie} natural 500 linear + ['QE} natural 500 monlinear +
[qe}anthmpngenh: 500 linear + {qe} anthropogenic 50k nonlinear [2]

Ko = fAK + fgKg+ fK+ foKp+ f K+ ...




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.q.

/ benzene)

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

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

-Likely diverse processes



Sorbent Variability: Temperature Effect

Temperature eff
emperature effect - Increase temperature, decrease K.

- Described by the van’t Hoff equation

Kq K3\ —AH® /1 1)
,/ R ( _

T, T,

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

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



Sorption made complex!

Many complex influences
onh sorption!

How to account for these
in the real world?

Example attempt:
The Black Carbon hypothesis.

I\ “ “ [
| . ‘ “ I




Sorbent Variability: The Black Carbon Hypothesis

Quantification of the Dilute
Sedimentary Soot Phase:
Implications for PAH Speciation and
Bioavailability

ORJAN GUSTAFSSON, FARNAZ HAGHSETA,
CHARMAINE CHAN,

JOHN MACFARLANE, AND

PHILIF M. GSCHWEND"*

K. M. Parsons Laboratory, MIT 48-415. Department of Civil
and Environmental Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139

Enviran. Sci. Technol. 1997, 37, 203—209

ediction based on

Larickhoff (1981) model (ref, T)

Where was the extra
sorption coming from?

Soot - they were after
all looking at PAHs



he BC sorption hypothesis is born!

A
D 'TOCM™NTOC

Ko = faocKaoc + facKpcCy "

Where:

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

f,oc = fraction of "amorphous organic carbon”, i.e. TOC - BC

nF = "Freundlich coefficient” to account for sorption non-linearity
(i.e. concentration effect)



AMORPHOUS ORGANIC CARBON (AOC)?

Amorphous Organic Carbon
= Mass Fraction of all Carbon that is not CO,,
Carbonate (CO5;2-) or Black Carbon



BLACK CARBON (BC)?
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"CRITICISM 1”: What is BC?

Critical Review

Extensive Sorption of Organic Compounds to Black
Carhon, Coal, and Kerogen in Sediments and Soils:
Mechanisms and Consequences for Distribution,

Bioaccumulation, and Biodegradation

GERARD CORNELISSEN,"* ORJAN GUSTAFESSON,* 1
THOMAS D. BUCHELI, MICHIEL T. O. JONKER,!"
ALBERT A. KOELMANS,L AND

PAUL C. M. VAN NOORT*

VOL. 39, NO. 18, 2005 /ENVIRONMENTAL SCIENCE & TECHNOLOGY = 6881

Strong Sorption of Native PAHs to
Pyrogenic and Unbumed
Carhonaceous Geosorhents in

Sediments

GERARD CORNELISSEN,T.*

GIJS D. BREEDVELD,T

STAVROS KALAITZIDIS,*

KIMON CHRISTANIS,?

ANNE KIBSGAARD," AND AMY M. P. OENT

VOL. 40, NO. 4, 2006 / ENVIROMNMENTAL SCIEMCE & TECHNOLOGY = 1197

BC FORMATION
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CRITICISM 2: Concentration effect in AOC.

Kp Ko Tmodkadtaoc + fuc mes IE-'C‘-:C*TN;‘.:‘ .

at low concentration strong

nF [ in AOC< 1 - -
vaiues | sorption in Pahokee Peat

Peat (PP)  fuoranihens,

phenanthrene._
™
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Pignatello et al. J. Environ. Endo et al. ES&T 2009
Qual. 2006



from Extra Parameters
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Hawthorne et al. ET&C 2006
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How to make sorption simple again?

Strategy 1: "The Holy Grail”

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

E
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X

o

@)

-

Strategy 2: "Live with it”

Live with the variability of TOC.
Find a good proxy, better than
K,ws to represent the median of
field values.




What makes a good TOC sorption proxy

o PAHs

= PCBs

s chlorinated benzenes
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Arp et al. ES&T 2009



Hypothesis: Coal tar is the new octanol

Test: Real World K, data for PCBs

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

Hawthorne, Arp et al. ES&T 2011


//upload.wikimedia.org/wikipedia/commons/4/49/Polychlorinated_biphenyl_structure.svg
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a) 53 Sediment log K;oc
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a) 53 Sediment log Kqc
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a) 53 Sediment log Koc

Coal Tar PP-LFER
Raoult's Law
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The Raoult’s Law Coal Tar model:

[e]e KTOC, coal tar — -log(0.22 SL)
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ROLE OF CONCENTRATION?

® MEAN < 2 ppm
e MIN/ MAX < 2 ppm Coal Tar

COMEAN 2 > ppm - . ae
@ MIN/MAX > 2 ppm = . [}
2BPed (1]
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di-Cl and tri-Cl tetra-Cl and hepta-Cl

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




ROLE OF WEATHERING?

®F (0 - 40%) n=971

e MIN/MAX F (0 - 40%)

CF (43 - 92%)
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di-Cl and tri-Cl tetra-Cl and hepta-Cl

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

-Weathered sediments follow coal-tar sorption closely




Sorbent Variability - made simple

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



Polycyclic Aromatic Hydrocarbons

Formed by incomplete combustion processes
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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.



http://www-acerc.byu.edu/News/Conference/2003/Presentations/Pugmire.pdf
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Toxicity: EPA-16 sediments vs EPA-34 porewater

How to get there from here without

" " measuring?
The "commonly” measured 9

EPA-16 in sediments 1) Test lab-based K, models
120 o po) A - 2) Extrapolate EPA-16 to EPA-34
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Photo credit:
http://en.wikipedia.org/wiki/File:Hyalella_azteca.jpg Hawthorne et al. ES&T 2007



Summary of Sediment Data

Combustion No. Of Sites No. of unique Conc. Range

residue source location 2EPA-34
(mg / kg)

Manufactured Gas 14 256 0.3-30,784

Plant

Aluminum Smelters 3 59 0.2 - 3,588

Urban Harbour 2 20 39 - 2,000

For all 355 sediments have C__, and C, , fore EPA-34

For 211 sediments have mortality data to H. azteca

Arp et al. ES&T 2011



Raoult's Law log Ko (L/kgroc)

10

m 3,4,5-ring PAHs
A 2-ring PAHs

® 6-ring PAHs
—01:01

Count

a)

Count

4 5 6 7
Experimental log Ko (L/kgoc)

40

30

20
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0

Iog Kfo(: 6.06:0.70

range:
4.54

-
7 3 4.5 6 7 8 9
log Kroc

log Kp:
5.52+0.73
range:
4.79

1 2 3 4,5 6 7 8 9
log Ky

log Kge: 6.5910.78
range:
5.94

1 2 3 456 7 8 9
log Kgc

|Og KTOC coal tar — —Iog(0.22 SL)



Extrapolation via Log-Linear Regression

Correlations of all log Csed, Iog Cowvia 34 X 34 matrix
e.g. C.y: log C..q (PAH,) = mlog C..4 (PAH,) + b
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Predicting C,,, EPA-34 from C, .4 Pyrene

log C,,, (EPA-34) = m (log C..4 / log K;oc (Pyrene)) + b

EstimationTotal EPA-34 PAH C,, from

30 - Pyrengs C, 4

25
. 20 /m\l‘ + nx C.q4 (4+5+6_ ring)
§ 15 /‘V V \ C..q (2+3 ring

| g \A N

5 v

0 MA/ ‘ \\wwo Weathering

3 2 2 0 1 2 3 Factor
Experimental - Estimated Iog CM_ EPA-34

Total Data Points 219 Total Data Points 219
Deviation factor 30 89% Deviation factor 30 95%
Deviation factor 100 100% Deviation factor 100 100%



% Survival vs EPA-34 PW
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Csed(PYR)to Cpw(PYR)-Modeled
Porewater EPA34 (TU)

C..4 PYrene as good as C_, of all 34 PAHs
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Sorbate Variability



Non-specific
(non-polar)
interactions

Cl

Sorbate Variability

+ specific

(polar)
iInteractions

Cl

Cl

Cl

+ pH dependant
jonic interactions

+ Complex
chemistry
dependant on
salts and 02

Apolar Polar Ionizable Ionizable
and
Oxidizable
>
Simple Complicated



Problems with simple models # 2.

Traditional models ONLY worked with HOCs

o
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Kai-Uwe Goss, UFZ Leipzig



Approach 1 — QSAR (EPIwin)

 QSAR = Qualtitative structure activity relationship (e.g.
EPIsuite ™)

> = a.nC + a, nH + aghO+ ayy,nOH-+ ...

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

(= EPA/OPPT/Exposure Tools and EPI Suite ¥3.12 - Windows Internet Explorer

Advantages
il 1 LEs oy 7
esTeined srealielly for ) === . e
environmental applications

Assessmen Guidance

Exposure Home Our Web site will undergo scheduled maintenance from 4:30 AM to Noon ET on Saturday, September 8, 2012. During this time, many web pages and
functions, including search, will be unavailable. We apologize for any inconvenience.

Copyright Notice; Terms and Conditions of Use:

-also has QSAR for toxicity. Ko . .

Higher Tier Tools
Glossary

Frequently Asked
Questions:

Disadvantages

-No ions

-Varying accuracy (only as good
as the data its calibrated with).

. By downloading t+



Approach 2 — Expanded QSAR
(SPARC Online calculator)

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.

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

& Sparc On-Line Calculator - Windows Internet Explorer

Advantages

-Free

-Can select any sorbing
phase of sorbing phase and
contaminant by molecular SPARC —— 9
St ru Ct ure Q:Losz:it:g in fd@@i_ﬂmﬂA "D
-ions (pKa) i

- generally more accurate
than EPIwin

SMILES string to be used for calculations.
Do not enter hydrogens or dotted structures.

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

[0 Use the Java Molecular Editor to generate the SMILES




Approach 3 — PP-LFER

PP-LFER- polyparameter linear free energy relationships.

Free energy of polar Free energy of non-polar
interactions interactions
Advantages oh

-the most accurate
-easily done with excel.

Disadvantages
-compound parameters
Needed (A, B, S, L, V)

Van der Waals,
cavity formation

H-bonding

-sorbent (soil, sed) parameters (a, b,
s, |, v, ¢) needed - but are available!



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.

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

Advantages

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

Disadvantages
Extremely complex,
Requires licenses and linux
server access.




Kp lonic organic compounds and metals

Organic Ions

NaCl
vV 042 mM
@ 42mM
+ 15 mM
A 42 mM

Droge et al. ES&T B 420 mM

2012

Log Cug.est (Mmol/L)

Ky depends on:

pH
concentration effect
Dissolved salts

DOM / micelle concentration

Metals

System Fe-C-0-H
,1 Atm —]

25°C, 1

Ky depends on:

Same as organic ions

PE (Ev) i.e. redox

http://jan.ucc.nau.ed
u/~doetqp-
p/courses/env440/en
v440_ 2/lectures/lecl
4/lec14.html



Note for ionic compounds! Ky vs D

K —contaminant has same molecular structure in both phases

Kp = C,.q4(neutral) Kp = Ciq(PFOS)

D - contaminant has multiple molecular structures in one or both

phases -
D = C,.4y(neutral + ionic)

D = C;o(PFOS + PFOS") D = Cyoc(Pb(OH),)




Linking sorbent and sorbate variability

Impacted sediments, non-polar compounds

PP-LFER for coal tar
(log Ko = -1.2A-4.5B-0.355+0.5E+3.9V+0.16)

« SPARC /COSMOtherm-find S, (log K;oc = -109(0.22S))

Other sites, polar, ionic and metal compounds

Site specific K, value

Average K, 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



= Cps / Kps

Kps values in literature

PARTITIONING v

Passive Sampler
(proxy for biota

© Hans Hillewaert

Particle-sorbed ‘ NG'


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

Measuring Picogram per Liter Concentrations of Freely Dissolved
Parent and Alkyl PAHs (PAH-34), Using Passive Sampling with
Polyoxymethylene

Steven B. Hawthorne, " Michiel T. O.Jonkcr_,# Stephan A. van der Hcijdcn.# Carol B. Grabanski,'
Nicholas A. Azzolilm,f3 and David J. Miller

Simple method!

2 gsoil + 0.2 g POM
— CPS/ KPS +20 ml H,0

shake for 1 month, extract
Kps values in literature POM

Cpw = Kpom * Cpom




Passive Samplers for polar compounds

T TR

e“ ce & c “ pubs.acs.org/est

Equilibrium Partition Coefficients of Diverse Polar and Nonpolar
Organic Compounds to Polyoxymethylene (POM) Passive
Sampling Devices

Satoshi Endo_,""* Sarah E. Hale,” Kai-Uwe Gossﬁ'§ and Hans Peter H. / p*

'Department of Analytical Environmental Chemistry, UFZ — Helmholtz Centre for Environmental Research, Permoserstrasse 15,
D-04318 Leipzig, Germany

TDe];).n'l'n‘lent of Environmental Engineering, Norwegian Geotec al Institute (NGI), P.O. Box 0, Ulleval Stadion, N-0806,
Oslo, Norway

®Institute of Chemistry, University of Halle-Wittenberg, Kurt-Mothes-Strasse 2, D-06120 Halle, Germany

o.\‘uppon.irlg Information

ABSTRACT: Equilibrium passive samplers (EPS) based on polyoxymethylene W‘

(POM) are increasingly used for determining freely dissolved water and pore water

concentrations of hydrophobic organic compounds in the environment. Unlike

other polymeric materials commonly used as EPS, namely poly(dimethylsiloxane)

(PDMS) and low-density polyethylene (PE), POM is a polar polymer, containing

repeating H-bond accepting ether units. Thus, POM is expected to be a more

sensitive EPS than PDMS and PE for polar, H-bond donating compounds, such as

many hormones, pharmaceuticals, and biocides. To better characterize the sorption

capacity of POM for diverse polar and apolar compounds, equilibrium POM —water

partition coefficients, Kpon/w, were measured for $6 compounds, including several

classes of polar compounds and organochlorine pesticides. Using this data set and

literature data, various POM-partitioning models were calibrated and validated for

their ability to predict Kpospe. The best performing models tested were an

Abraham descriptor based polyparameter linear free energy relationship (PP-LFER)

(8D =0.24log units) and COSMOthermX (SD = 0.37 log units). The performance

of SPARC (SD = 0.61 log units) and log—log correlations with K, (SD = 0.49 log

units) were lower. A comparison with PDMS and PE confirmed expectations that

POM exhibits a higher sensitivity for H-bond donating polar compounds than PDMS and PE do for these compounds. These
findings expand the domain of chemicals for which POM can be used as an EPS sampler, and demonstrate that POM is as suitable a
passive sampler for many polar organic compounds as it is for hydrophobic organic compounds.




v

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
Kp values. Measure them with passive samplers!

Option 3 —Use average of literature values, but favour
fleld 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 K_,,

Schwarzenbach et al. Environmental Organic Chemistry 2’nd ed.
(2003)

log Kyoc =0.73 log K,,, +0.15

- K,y = octanol-water partitioning coefficient
- K;oc 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 Kyoe =0.15A -1.98B -0.72S +1.10 E +2.28 V + 0.14

- calibrated with 75 apolar and polar compounds from many literature sources
- K;yoc measured mostly by spike tests

- A, B, Srefer 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

Kp = faoc Kaoc + fac Kpc Cpn"

fgc = fraction of thermoresistent ”black carbon” (at 375 C)
Kgc = 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: fa)

Log Kz =0.74 log K,,, +0.15

ng/L]
m
&

1.E+00

1E-01 - by

Est_lkmaled Adquecus Cone [
i
51

1.E-03

1.E-04 - v
1.E-04 1E-03 1E-02 1E01  1E+00 1E+01  1E+02  1LE+02
Measured Aqueous Conc [ng/l]




PP-LFER - Coal Tar as TOC Proxy

Arp et al. ES&T 2009

10g Kroe = -1.2A - 4.5B — 0.35S + 0.50E + 3.9V + 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)

=
o

o PAHs
= PCBs
2 chlorinated benzenes
—1:1line
8 7= -1:30and 30:1 lines
o

©o

~N

Impacted Sediment log Ko (L/kgoc)

N w £~ (%] [+

IOg Kcoal tar (I-/kg)



Raoult’s Law type model

Arp et al. ES&T 2009

KTOC = (CLsathcoaltar )-1

- C, 52t = subcooled solubility
- MW .itar = 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)

12 a) Raoult's Law

© PAHs a

;11 » PCBs 7

: 7/

hi
= 10 - A chlorinated benzenes P ,I
= © PCDD/Fs o g 2
§ 9 |=—1:1line P o fe »
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